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OVERVIEW OF THE REPORT

The tollowing annual report encompasses eleven arcas of research funded by the United States
Air Force Asuonauiics Laboratery, Edwards Air Force Base, California under Contract F49620-87-C-
0049. Where possible published or about to be published work is included in this Report under each
of the eleven appropriate subheadings. The basic philosophy underpinning this work has been to
develop the technology for the synthesis, storage and handling of new high-energy density materials.
The importance of performing the “easier” heavy element chemistry as the ground work to
synthesizing the more challenging and potentially more useful lighter analogs huy beer stressed
throughout much of this work. The validity of this approach is best tllustrated in Part I where the
synthesis of HC=N-XeF" is described. The synthesis of the xenon compound has made possible the
realization of the lighter and more energetic krypton analog, HC=N-KrF. The publication of these
results in turn precipitated a total of four theoretical papess on HC=N-Ngl* (Ng = Ne, Ar, Kr, Xe).
While the neon analog is forecast to be unstable, the argon analog, HC=N-Arl™ i1s predicted to be
stable. The hope of binding ArF" (also presently unknown), potentially an oxidant of unprecedented
strength, to a fuel moiety, HCN, is intriguing and the direct consequence of having done a thorough
job delineating the chemistry of the heavier congeners.

Part 1 15 concerned with the syntheses and characterization of aoblc-gas species in novei
bonding situations, more specifically, the investigation of the interactions of the strong oxidant Lewis
acid noble-gas cations, KrF" and XeF', with neutral organic nitrogen bases. This work has been
summarized previously in two Annual Technical Reports; May 1, 1987 - April 30, 1988 and May 1,
1988 - April 30, 1989, These and the present report outline the syatheses and churagterization of a
Jarge number of new xenon compounds that had been prepared by the interaction of the strong oxidant
Lewis acid cation XeF' with a number of organic nitrogen bases. The majority of the bases that had
been selected for study were oxidatively resistant perfluoro-organic nitrogen bases with first ionization
potentials exceeding 10-11 eV. These recent findings represent a major extension of Group VIII (138)
chemistry in that they (1) significantly extend the range of known Xe-N bonded species, (2)
demonstrate that a large range of fluoro-organic ligands are capable of stabilizing Xe(Il), (3) produce

several examples of the first compounds in which a noble-gas atom serves @s an aromatic substituent;

(4) provide new series of model compounds which may aid in developing synthetic approaches to the




formation of new xcnon-carbon und krypton-oxygen bonds; (5) provide the first examples of Kr-N
bonded species, which, in turn provided the impetus for us to successfully attempt the synthesis of the
first comipound containing a Kr-O bond. Most importantly from the viewpoint of practical impact on
the ficld of propellants and monopropellants, this aspect of our research has demonstrated that under
the appropriate conditions, strongly oxidizing Lewis acid cations can be bound to fuel substrates
containing a base center. The besi illustration of this which we have discovered in the course of this
work has been the F-Kr-N=CH* cation, where KrF" represents the most potent chemical oxidant
known,

The syntheses and artempted syntheses of adduct cations with other xenon Lewis acids are also
described in Part [, namely XeOTeF," and XeF,". Using the XeOTeF" cation as an acceptor, two
novel ompounds containing the first examples of N-Xe-O linkages were prepared, s-C,F,N,N-
XeOTeFAsF, and s-CF\N,N-XeOTeF " Sb(OTeF,),. The novel salt, XeOTeF;"Sb(OTel),,, was also
synthesized in the course of this work, and is the only noble-gas salt known which is soluble at low
temperatures in a low polarity solvent and also represents the first 1onic fully -OTeks substituted
derivative. These compounds were characterized by '"F NMR, '*Xe NMR and low-temperature laser
Raman spectroscopy.

Part 11 describes the syntheses and characterization of the first Kr-N bonded species, HC=N-
KrF and three further examples of Kr-N bonds in which the KrF* cation is bonded to an organic
moiety, namely, R.C=N-KIF" (R = CF,, C,F;, n-C;F;) and their xenon analogs.

Part 111 describes our recently published theoretical findings relating to the HC=N-KrF* and
HC=N-XeF" cations,

Part IV describes the preparation and characterization of Kr{GOTcF,),. This compound provides
the first example of a species containing a Kr-O bond and has been prepared by the reaction of KrF,
with natural abundance and “Q-enriched B(OTeFy), at -90 to -112 °C in SO,CIF solvent.
Characterization of thermally unstable Kr(QTeF;), and its decomposition products has been achieved
using "F and O NMR SpPectroscopy.

In view of the reported Lewis base properties of N=SF, and its resistance to oxidation (first
adiabaic tonization potential, 12.50 eV), it was considered likely that N=SF; would form adducts with
the 1 le¢-gas cations XcF;, XeOTeF:" and XeOSeF,* which would be stable to redox degradation.
Ne - nates of electron affinity (EA) other thun for XeF” (10.9 ev), KrF* (13.2 eV) and ArF* (13.6




eV) are availuble. However, the EA values of XeOSeF," and XeOTcF," are predicted to be less than
that of XeF'. and all xenon(ll) cations are below the first ionization potential (IP) of N=SF,.
Consequently, the xenon(ll) cations were expected to form icdox-stable adduct cations with N=SF,.
In Part V, the ligand, N=SF,, was also studied in a variety of oxidatively resistant solvents deemed
suitable for noble-guas compound syntheses, and adducted with the Lewis acid AsF; to assess the base
character of the ligand. Aspects of this work were reported on in our Annual Technical Report, May
1, 1989 - April 30, 1990. The F;SeO-Xe-N=SF;" and F-Xe-N=SF," cations have been synthesized in
BrE, solvent and fully characterized by '”Xe, "N and “"F NMR spectroscopy. The salt, F-Xe-
N=SF,*AsF,, was also synthesized by the direct combination of XeF"AsF,” and N=SF; at -20 "C and
the vibrational spectrum was studied using low-temperature Raman spectroscopy. In addition, the
solvolysis of F-Xe-N=SF,* has been studied in anhydrous HF and has lead to the novel F,5=N(H)-Xe-
I cation. The latter cation has been characterized in solution by '“Xe, "N and "F NMR
spectroscopy. Based on the F and '“*Xe NMR spectroscopic data, further solvolysis of this cation
in HF gives rise to the FS-N(H,)-Xe-F* cation, the first example of an sp’-nitrogen bonded to a noble
gas. Based on our understanding of Lewis acid-base adduct chemistry incorporating the strongly
oxidizing noble-gas cations as acceptor centers, it should be possible to extend the range of bases
coordinated to noble-gas cations and to other strong- oxidizers such as chlorine fluoro-cations to
include related bases having heats of formation that are more endothermic such as NH,F (AH%,, = -
9.1 keal mol, as a pure compounc NH,F is a violent detonator; ¢f., gas phase heats of formation for
HC=N, -31.2; NF,, -31.9; NF,H, -15.5; NH,, -11.0 kcal mol'). Although the latter chemistry has not
yet been achieved, much of the ground werk has been laid by demonstrating that the higher molecuiar
weight analogs exist. In this instance that XeF' can be coordinated to the SF; analog, F,SNH, and to
F,S=NH in their respective novel cations FXe-N(H,;)SF." and FXe-N(H)=SF,".

In Parts VI and VII the hypervalent anions CIF, and XeF; were prepared and studied for the
first time. Aspects of the work described in Parts VI and VII were carried out in collaboration
with Drs. K.O. Christe and W.W. Wilson, Rocketdyne Division, North American Rockwell, Canoga
Park, California. This work has previously been summarized in our Annual Technical Report, May
1, 1989 - April 30, 1990. Hypervalent fluoro- and oxofluoro-anions are known to offer the best

possibility for stabilizing high oxidation states of the elements. These species are of particular

importance as they serve to extend our knowledge of the interrclation of valence clectron lone pati
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stereochemical activity and coordination number in strong oxidizer fluorides. The CIF, anion was
determined to possess a stereochemically inactive lone pair while the two valence lone pairs of Xeky
are active. Since our last Annual Technical Report, the hypervalent, highly coordinated, high-oxidation
state anions 15,0, TeF, 0", TeF,, IF, and TeF;™ have been synthesized in anhydrous CH,C=N using
anhydrous N(CH,),"F as the fluoride ion source and are reported on in Part VIL

In Part VI, the low-temperature reaction. of either N(CH,),F or CsF with CIF; in CH,C=N
solutions are shown to produce white solids (the N(CH,)," salt is explosive) which, based on material
balances and low-temperature Raman spectra, contain the CIF anion. The similarity of the Raman
spectrum of CIF, to that of the octahedral BrF, ion indicates that CIF, is also octahedral and that the
free valence electron pair on chlorine is sterically inactive The existence of the CIE, anion was further
supported by an F exchange experiment between CIF, and '"F-labelled FNO which showed complete
randomization of the ""F isotope among the two molecules. A high-field ’F NMR study of neat CIF,
and CIF; in anhydrous HF solution in the presence und absence of excess CsF has provided accurate
measurements of the CIF; NMR parameters including, for the first time, both 7**Cl secondary isotopic
"F NMR shifts. Moreover, the NMR study also supports the existence of CIF," showing that CIF,
undergoes slow chemical exchange with excess CsF in anhydrous HF at room temperature.

In Part VII, the low-temperature reaction af N(CH,),F with XeF, in CH,C=N was shown to
produce N(CH,),"XeF, a stable white crystalline solid at room tcmpcrature, but shock-sensitive at -
196 °C. The structure of the XeF, anion was determined by X-ray crystallography and shown to be
pentagonal planar, representing the first example of an AXE, (in VSEPR noumenclowre) geometry.
The anion was also characterized by vibrational spectroscopy and in solution by "F and '*Xe NMR
spectroscopy. The Xeb; anion has also been prepared as the N(CLL,)," salt and studied in CH,C=N
solution by '’Xe NMR spectroscopy and shown to be fluxional on the NMR time scule.

Our preparation of the XeF. anion, the first known example of a pentagonal planar AXE,
(where E stands for 4 free valence electron pair) species, prompted us to study some closely related
iodine and tellurium compounds. Furthermore, there are relatively few examples of main-group species
which allow the applicability of the valence shell electron pair repulsion (VSEPR) rules to
coordination numbers exceeding six (o be tested. In Part VI the IF, O, TeF, 0%, TeF;, IF, and TeF,*
anions have been synthesized in anhydrous CH,C=N using anhydrous N(CH,)F as the fluoride ion

source and cheracterized by NMR spectroscopy and vibrational spectroscopy and represent examples




of seven- and eight-coordinate species having symmetries Cs, (IF,0" and TeF,0%), Dg, (TeF;) and D,
(IF, T=F5). '

Part IX describes the photoelectron spectra of XeF,, XeF, and XeF, obtained using
monochromatized synchrotron radiation. We have resolved ligand field splittings by photoelectron
spectroscopy in relatively deep core levels (E; > 30 eV) for the first time. To resolve these effects
required very high resolution not previously attained. The spectra have been characterized using a
simple Hamiltonian involving crystal field splitting and spin-orbit splitiing. Of particular interest, we
have estimated the gas phase structure of XeF, from the Xe 4d spectra using an additive model similar
to that used in Mossbauer spectroscopy. It has been shown that for a C,, Xek structure, O, = 5(°
and @, = 76 *4°- This is perhaps the best experimental evidence for the distortion of gas phase
XeF,, und it 1s shown to be in excellent agreement with the recent theoretical calculations.

Part X describes the syntheses and charucterization of the fully substituted -OTc¢F; derivatives
of the powerful Lewis acids SbF, and BiF;, namely M(OTeF;); (M = Sb, Bi) and the isolation of
Et,N" salts containing the novel octahedral anions M(OTeF;),. The properties of these interesting
species are described together with their characterization by ""F NMR spectroscopy and, in the case
of M(OTeF;),, by '*'Sb and *Bi NMR spectroscopy. A previous Annual Repori (May 1, 1987 - Apiil
31, 1988) described the syntheses and characterization of the fully substituted -OTeF; derivatives of
the powerful Lewis acids SbF, and BiF,, namely M(OTeF;); (M = Sb, Bi) and the isolation of Et,N*
salts containing the novel octahedral anions M(OTe ). The propertes of these interesting species
were described together with their characterization by "F NMR spectroscopy and, in the case of
M(OTeF),, by '3b and **Bi NMR spectroscopy. As a continuation of this study, Part X also
describes the [Pb(OTeF;),|* anion, which has been generated in CH,C=N by meuns of the reaction
of (Et4N")2PbCI,,2' with (i) AgOTeF; and (ii) Xe(OTeF;),. This is the first exumple of a Pb(IV)
compound containing the highly electronegative, monovalent OTeF ligand. The [Pb(OTeF;),]* anion
1s a large oxidatively resistant anicn which is of great interest for stabilizing strongly oxidizing cations
such as the noble-gas cations. The [Pb(OTeF;).]* anion has thus far been characterized in CH,C=N

by *”Pb and F NMR spectroscopy. The inorganic chemistry of Pb(IV) has also been extended by
synthesizing mixtures of the previously unknown octahedral anions [PbCI,F, >, All the above anions
have been characterized in CH,C=N solution by F and *’Pb NMR spectroscopy. All of these anions
are expected, unlike their fluorine analogs, AsF,, SbF, and BiF,, to be weukly coordinating anions.



For example, Xel"SOF, is strongly fluorine-bridged in the solid state, i.e., F-Xe*---F-SbF,, whereas
the catton and anion in the OTel-analog, XeOTeFSh(OTeF,),, are only weakly intcracting. It is
anticipated that these anions hold considerable promise for the preparation of novel and unusual
species by virtue of their weakly coordinating natures. For example, one might anticipate being able
to protonate xenon if the following reaction were carried out in a solvent having a proton affinity

lower than that of Xe:
Xe(OTeF,), + Sb(OTeF,), + HOT¢F; ——————> HXe'Sb(OTeF,), (N

In this instance, Sb(OTeF;),” could reasonably be expected 1o have a proton affinity lower than that
of Xe; if this were so then so that Xe would be preferentially protonated. These large weakly basic
anions may also be useful in stabilizing the methyl analog, XeCH,'. The XeH", XeCH," and KrCH,’
cations are spectroscopically well characterized in the gas phase and the other NgH* cations are also
stable gas phase species and one might anticipate using these weakly coordinating anions 1o protonate
lighter noble gases. The isolation of the first salts of the heavy and light noble-gas cations, NgH" and
NgCH,*, could be of general interest to the development and storage of monopropellants and fuels.

Part XI represents a collaborative effort with Drs. K.Q. Christe and W.W. Wilson, Rocketdyne
Division, North American Rockweli, Canoga Park, California. The project is concerned with "F
radiotracer exchange experiments shich confirm that the lack of pentacoordinated nitrogen species,

namely NF,, is due mainly to steric reasons.




PART 1

LEWIS ACID PROPERTIES OF XeL' (L

F, OSeF,, OTeF;)

CATIONS; ADDUCTS WITH ORGANIC AND FLUOROORGANIC
NITROGEN BASES AND SOLVOLYTIC BEHAVIOR OF
HC=N-XeF" IN ANHYDROUS HF







LEWIS ACID PROPERTIES OF NOBLE-GAS CATIONS

Gary J. Schrobilgen

Department of Chemistry
McMaster University
Hamilton, Ontario L8S '4M1
Canada

INTRODUCTION

While many examples of xenon bonded to oxygen cr fluorine and of xenon
bonded to other highly electronegative inorganic ligands through oxygen were.
synthesized immediately following the discovery of noble-gas reactivity (1),
over a decade had elapsed before an example witkh a ligating atom other than
- oxygen and fluorine, namely nitrogen, yasjsynthesized (2) and two decadeg
before the Xe-N bond in FXeN(SO,F), was definitively characterized in the
solid state by X-ray crystallography and in solution by multinuclear magnetic
rasonance spectrcscopy (3). Other imidodisulfurylfluoride xenon-nitrogen
bonded species have since been definitively characterized using primarily NMR
{SO,Fj,i, (4,5), F[XeN(SO,F),]," (4,5), XeN(SO,F),'AsF,"
(6) and XeN(SO,F),'Sb,F,,” (6) and the latter salt has also been cha;acterized
by single crystal X-ray diffraction. The compound, Xe[N(SOQ,CF,),], (7), has
also been prepared and characterized, and is the most thermally stable of the
imido derivatives of xecnon. |

Recently, a significant extension of noble-gas chemistry, and in

particular, noble-gas nitrogen bonds, has bheen achieved by taking advantage

of the Lewis acid properties of noble-gas cations. This has given rise to

numerous new examples of xenon-nitrogen and krypton-nitrogen bonds. The




adduct salts, which have stabilities ranging from explosive at -60 °C for F-
Kr-N=CH'AsF,” (8) to stable at room temperature for s-C,F,N,N-XeF'AsF,” (9), have
donor-acceptor bonds which are among the weakest bonds that still deserve to
be called bonds. The present Review outlines the syntheses, structural
characterization and bonding of noble-gas adduct cations for a variety of

organic and inorganic nitrogen base centers.

LEWIS ACID AND OXIDANT PROPERTIES OF NOBLE-GAS CATIONS

In view of the propensity of the XeF' cation to form strong fluorine
bridges to counter anions in the solid state (10), tie XeF' cation may be
regarded as having a significant Lewils acid strength. Based on considerations .
of the high electzon affinities of the cations (ArF*, 13.7 eV (11); KrF', 13.2
eV (12); XeF', 10.9 eV (12)) and first adiabatic iomnization potentials of
selected bases, where the first adiabatic ionization potential, IPl,_
determined from photoelectron spectroscopy, is equal to or greater than the
estimated electron affinity, EA, of the noble-gas cation; it has been
possible to single out specific nitrogen bases and classes of nitrogen bases
which offer reasonable promise for preparing noble~-gas adduct cations in
which the strongly oxidizing noble-gas catioas are bound to organic and
parfluoro-organic fragments through the nitrogen of the base. A list of some
nitrogen bases that have potential or proven compatibility with the estimated
electron affinities of the XeF' and/or KrxF' cations is given in Table 1 along
with their IP, values.

-
-

3]
3]
1]
H
-

says HC=M, with IP = 13 53 oV (14). ig archetypical of the cther

oxidatively resistant organic and perfluoro-organic nitrogen bases which form

addvnts with nchle-gas Lewis acid centers. For that reason, its interactions




Table 1. | First Adiabatic Ionization Potentials of Soma Organic and Inorganic Nitrogen Basas
Compound lat Jonization Potential Rafarances
- CF,C=N 13.90 14

N=C-C=N 13.57 15
HC=N 13.5¢9 13
trans-N,F, 13.10 + 0.1 16
CH,FC=N 13.00 £ 0.1 17
CH,ClC=N 12.90 17
N=5F, 12.5C 18
clc=N 12.49 £ 0.04 19
CHr,C=N 12.40 17
cp,C=N 12.24 + 0.00% 20
CHCl,Cc=N 12.20 = 0.1 27
CH,C=N 12.19 £ 0.005 20
n.F, 12.04 £ 0.1 21
BxrC=N 11.95 £ 0.08 19
C,H,C=N 11.85 ’ ' 15 -
N=SF 11.82 is
n-C,H,C=N 11.67 22
ND, 11.52 23
(CH,) ,CHC=NR 11.49 22
s-C,F,N, 11.50 24
WD, H ' 11.47 = 0.02 23
N=C-C=C-C=N 11.45 £ G.02 25 o
N=C-C=C-CsC-Cz=N 11,40 25
8 (C=N), 11.32 26
(CH,) ,CC=N -11.11 22
ICsN 10.98 = G.05 19

. H,NC¥N 10.76 . 27
B-B,F;)N, 10.46 24

. NH, 10.34 £+ 0.07 28
CEN 10.08 24
s-C,H,N, 10.07 % 0.05 29
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with the XeF' and KrF' cations will be discussad in considerable daetail.

SYNTHETIC APPROACHES AND CHARACTERIZATION

Multi-nuclear magnetic resonance spectroscopy has played an important
role in the characterization of noble-gas species (31-33). A substantial
portion of the present Review is concerned with structural characterizaticn
and inferences regarding bonding derived from NMR studies. The role of NMR in
noble-gas chemistry is exemplified by xenon, although the observation of the
Yg, N, ¢ and 'H NMR spectra is equally crucial. Xenon is the most
favorable noble-gas from an NMR standpoint since it has a spin-1/2 nuclide,
1%Xe (26.44% natural abundance), with a receptivity of 31.8 relative to that
of natural abundance ')C. The high receptivity, non-quadrupolar nature and

short spin-lattice relaxation times of *‘*’Xo allow spectral data to be readily

acquired using modern FT NMR gpectrometers.

The Hydrocyano Cationg, HCwN-NgF’' (Ng w Kr or Xe). iHydrogen cyauide 1is

oxidatively among the most resistant ligands investigataed thus far (Table 1),
having a first adiabatic ionization potential of 13.59 oV. Thoe estimated
electron affinity of Xef' (10.9 V) (13) suggested that HCwmR would be

rosistant to oxidative attack by the Xel' cation and that HCsN-XeF' might have

utficiont thermal stabllity to pormit its spoctroscopic characterization in

solution and in the solid atate,
The reaction of XeF' with HC«N and the subsequent isolation of HCwmll-

Xe¥'AsF,” and its characterization have indeed been realized. The reactions of

12




XeF'AsF,” and Xe,F,"AsE,  with HC=N have been reported (34,35) and were carried

out according to equations (1) and (2) by combining stoichiometric amounts of

the reactants in anhydrous HF (-20 to -10 °C).

XeF‘AsF,” +  HC=N > HC=N-XeF'AsF, (1)

Xe,F,'AcF,” + HC=N -———> HC=N-XeF'AsF,” + XeF, (2)
The compound, HC=N-XeF'AsF,, has been isolated as a white microcxystalline
solid upon removal of the solvent a. =30 °C and was stable for up to 4 - 6
hrs. at 0 °C. Solutions of HC=N-XeF'AsF,” in HF soluticn at ambient temperature
slowly daecompose over a period of 13 hrs.

Every @lement in the HC=N-XeF' cation possesses at least one nuclide

which iz suitable for observation by NMR spectroscopy, namely, the spin-1/2.

u

0

lei M, *c, N, 'Xe and F, and the spin-1 nucleus N (Figure 1).

-

Multinuclear magnetic resonance spectra were recorded for HC=N-XeF'AsF, in HF

nd

-3
o]

rFy, solvents for all six spin-1/2 nuclei of the cation using natural
abundance and °C and !N enriched compounds. All possible nuclear spin-spin

couplings have been observed, establishing the solution structure of the

“N), *J('"Xe-'’C) and J('Xe-'H), representing the first time these scalar
couplings have been observed betwaon these nuclides.

An interesting feature of the NMR spectroscopy of the HC=N-XeF' cation
is the ready obsarvation of the directly bonded '**Xe-'N and 'N-'’C scalar

couplings. 7The obgervation of both couplings and the relative wase oi

observing 'J(*¥Xe-'N) in the alkyl nitrile, s-trifluorotriazine and
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19'%e KMR spuctra (69.%&3 MHz) recordsd in HF solvent at -10 °C for (a) HCuN-Xei"AsF," for a 99.2% ¢
enriched sample; and CH,CiN-XeF'AoF,”  wherau (b) is the natural spactrum and () ia 99.7% *°C anriched at

the 2-carbon. (Reprinted with permission from ref. (34)).




perfluoropyridine adducts of XeF' (see Spectroscopic Findings and Table 3) is
- attributed to several factors which minimize quadrupole relaxation of the
129%%a-N and N-'’C couplings; the low electric field gradient at the N
nucleus of the adduct cations, low viscosity of the HF solvent leading to a
short molecular correlation time and the small line width factor for N (36).
However, in the higher viscosity soclvent BrF, (-58 °C), the '**Xe-''N and **N-°C

couplings are quadrupole collapsed into single lines. Because they are

generally obscured owing to quadrupolar relaxation caused by the N nucleus,
>N enrichment was required for the observation of scalar couplings between
nitrogen and non-directly bonded nuclei where the magnitudes of the couplings
are small (Table 2).

Prior to the synthesis of the HC=N-NgF' cation, no examples ¢of krypton
compounds had been reported in which krypton is bonded to an element other
than fluerine. In view of the previous success in forming the HC=N-XeF' cation-
(34,35), the synthesis of the krypton(II) analog was undextaken (8). The
estimated electron affinity for KrF' of 13,2 eV suggested that HC=N might have
at least a marginal resistance to oxidative attack by the KrF' cation and that
HC=N-KrF' might have sufficient thermal stability to permit its spectroscopic
characterization.

Unlike the xenon(IX) analog, the direct interaction of KrF'AsF,” with HC=N
solutions in HF and BrF, solvents was not attempted owing to the strongly
oxidizing character of the KrF' cation towards HC=N and BrF, as well as it:.s

. tendency to underge auto-redox reactions in both solvent media. Rather, the
interaction of less reactive KrF, with HC=NH'AsF,” in HF was the preferred
synthatic route. Reaction of sparingly soluble HCSNH'ASF, with Krk, in Hi at

-60 °C led to instantaneous deposition of a white solid which, upon warming
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Table 2. MNMR Chemical Shifts and Spin-Spin Coupling Constants for the HC=N-

XeF* Cation* -

Chemical Shifts (ppm)®

5 (**Xe) S (*°F) S (MN/N) 3(*3¢) 8 ('m)
-1555 -199.0 ~234.5 104.1 4.770
(-1570) (-193.1) (-230,2) ' (6.01)

Coupling Constants (Hz)

1Y (*¥*KXe-1°F) €171 (6165)

17 (*¥*xe-"N) 334 13 (**Xe-'*N), 471 (483)

1y (Mn-2C) , 22 iy (Pc-'H), 308 .
2F (¥xe-13C), 84 23 (*N-1°F) , 23.9 (23.9)

23 (*N-1H), (13.0) 37 (**°Xe-'H), 24.7 (26.8)

3J(¥r-Y¢), 18 ‘T (P¥*F-'H), 2.6 (2.7)

(a) References (34) and (35). Spectra were recorded in anhydrous HF at -10
°C or at -58 °C on BrF; solvent (valuas in parentheses).

(b) Samples wera referenced externally at 24 °C with respect to. the neat
liquid references standards XeOF, ('*°Xe), CFCl, (*F), CH,NO, (N and *N),

(CH,)Si (C and *H) where a positive chemical shift denotes a resonance

occurring to high frequency of the reference compound.
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above -50 °C, rapidly evolved Kr, NF, and CF, gases and was usually followed
by a violent detonation and accompanying emission of white light. When these
reactions were allowed to proceed at approximately -60 °C, the mixtures were
periodically quenched to -196 °C in order to study the developmen: of the
Paman spectrum of the product (see Bonding Considerations). The interaction
of Hc}—;NH*AsFG" and KrF, in BrF; led to a soluble product which was stable to at
least -55 °C in BrF, with only slight decomposition. The *F NMR spectra of

these solutions at -58 °C and in HF at -60 °C are consistent with equation (3)

KxF, + HC=NH'AsF, > HC=N-KrF*'AsF,” + BRF (3)

The structure of the HC=N-KrF' cation in solution has bheen confirmed by
reaction with 99.5% N enriched HC=NE'AsF,” in BrF, solvent. The “F and ‘H
raesonances exhibit new doublet splittings attributed to N coupling {Figure-
2a) . The new splitting (26 Hz) on the °F resonance was assigned to the two-
bond spin-spin coupling *J(**F~'*N) and compares favorably in magnitude with
previously reported values for F-Xe-N(SO,F), (*J(**F-""N) = 39.2 Hz) and CH,C=N-
LeF*t (*J(M*F-'°K) = 25 Hz, calculated from *J(**F-!*N) = 18 Hz) . Krypton isotopic
shifts arising from *’Kr (11.56%), *Kr (56.90%) and **Kr (17.37%) were resolved
on the F resconance (0.0138 ppm/amu) and served as an added confirmation that
the fluorine resonance arose from fluorine directly bonded to krypton. The
doublet fine structure (12.2 Hz) on the *H resonance of the *N enriched cation
(Figure 2b) was assigned to *J(N-'H) (cf. *J(*N-'H) = '19.0 Hz for HC=NH' in
HF solvent). The N NMR spectrum comprised well-resolved doublet of doublets
(Figure 2c) arising from *J(*F-'°N) and *J(**N-’H) which simplified to a doublet

(26 Hz) upon broad band 'H decoupling, confirxming the aforementioned coupling
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MMR spectra of the HC=N-KrF* cation enriched to $9.5% with 'K, in BzF; as solveat at -57°C. (a)
Yy Spectrum (235.36 MHz) depicting *J(F-''N) and ‘J(*F-'H) and krypton isotope ahifts. Linas
assigned to fluorine bonded to “Kxr (11.56%) “Kxr (56.20%), and "“Kr (17.37%) are danctcd by the
krypton mass number. The innermost lines of the “Kr and *Kr doublets ovarlap their corrssponding
“Ex doublets. The isctopic shift arising from *’Kr (11.53%) is not resolvad; thosae of "Kr (0.35%)
and “Kr (2.27%) are too weak to ba observed. (b) B Spectrum (80.02 MHz) depicting *J(*N-'H) and
‘J(UF-H). (c) N Spectrum (50.70 MHz) depicting *J(YF-'*R) and *J(*N-'H). (Reprinted with

[ Py R - ey
PREMLBSB LV ALV Lwa. \©) .

19




constant assignments.

Pexrfluoroalkyl- and Alkylnitrile Adducts of XeF'. The measured value of the

first adiabatic IP of CF,C=N (13.90 eV) (15) suggests that this base should
be even more resistant to oxidative attack by KrF' and XeF' than HC=N.
Moreover, CF.C=N would be expected to possess a more weakly basic nitrogen
that would be conducive to the formation of a correspondingly more ionic Ng-N
bond (see section on Theoretical Calculations). The perfluoroalkyl nitrile
adduct cations of XeF' have been prepared by the interaction of equimolar
amounts of XeF'AsF,” or Xe,F,'AsF,” and R.C=N (R, = CF,, C,F,, n-C,F,) in BrF,

solvent (9) according to equation (4)

R,C=N + XeF'AsF, (Xe,F,'AsE;") > R,C=N-XeF'AsF, (+ XeF,) (4)

The syntheses of the krypton(II) analogs have also been reported and were
undertaken at low temperatures in BrF; solvent using the general synthetic

approach given in equation (5)

R,C=N-AsF; + KrF,

> R,C=N-KrF'AsF, (5)-.

The R;C=N-NgF' cations have been characterized in BrF; uy low-temperature
(-57 to -61 °C) ™F and '*’Xe NMR spectroscopy and consisted of two sets of new
signals: a singlet in the F-on-Kr(II) and in the F-on-Xe(II) regions, and -
resonances in the F-on-C region with characteristic 3J(**F-'F) and 'J(**F-'3C)
couplings having chemical shifts to high frequency oif Lhe parent base
molecules (Table 4). In each casa, the singlet assigned to F-on-Xe(II) was

20

J



Table 4. Correlation of Physical Properties for Representative Ng-F Bonds

NMR Paramataers®

r (Ng-F)® v(Ng-F) 'J(™Xe-UF)*  S(PXe)**  F("F)*°
Species* A cm? Hz Ppm ppm T, °C Ref.
KcF* (1.740)
Kxf*Sh,F.," 624 42
KrF AsF, 609 42
(FKr) ,F** 605 73.6 -65 42
HC=N-KcF* (1.748) 560 99.4 -58 8
CF,C=N-KrF* 93.1 -59 9
C,F,C=N-RrF"* 91.1 -59 9
C,F,C=N-KrF* 91.9 -59 9
KrF, 1.87% 462 68.0 -56 43,44
(1.843)
XaF* (1.886)
XeF*Sb.F, 1.82(3) 619 7230 -574 -290.2 239 31, 42,45, 46
XeF*AsF, 1.873(6) 610 6892 -869 -47 9,42,47,48
(FXa) ,F** 1.90(3) 593 6740 -1051 -252.0 -62 21,42,46,49
HC=N-XeF"* (1.904) 564 6181 -1569 -198. 4" -s8 34
F,S=N-XeF" 554 6248 -1661 -180.5 -60 kT
CF,C=N-XeF"* 6397 -1337 -210.4 -63 9
CF.C=N-XaF"* 6437 -1294 -212.9 -63 9
C,F,C=N-XeF"* _ 6430 -1294 -213.2 ~63 9
CH,C=N-XoF*" 560 6020 -1708 -185.5 -10 34
8-C,F N,N~XeF* 548 5932 -1862 -145.6 -50 9
5909 -1808 -154.9 -5
FO,SO-XeF 1.940(8) 528 £830 -1666 -40 31,46,50,51
cis/trans-
F,0I0-XaF 5803/ -1824/ -161.7* 0 52
5910 -1720 -170.14 0 .
C,F N-XaF* 528 5926 -1922 -139.6 -30 39
4-CF,C,F N-XeF* 524 5963 -1853 ~-144.6 -50 39
F,TaO-XaF’ 520 -2051 ~151.0% 26 53,54
(FO,S) ,N-XaF 1.967(3) 506 5586 -1977 -126.1} -58 3,4
56641 -2009} -126.0 ~40
F,S=N (H) -XeF* 1 -2672" ! -20 38
F,S-N (H,) ~XoF* 1 -2886" . -20 3s
F,Te-N(H,) ~XaF* 1 -2903 1 -50 40
-2841" 1 -45
XeF, 1.977 496 5621 -1685 -184.3 -52 9,55,56
(1.984)
Continued. ..
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Table 4 {(continued)

(a)
(b)
(c)
(d)

(e)

(£)
(@)
(k)
(1)
(3
(k)
(1)

(m)

Unless otherwise indicated, all cations have AsF, as the counterion.
Values in parentheses are calculated values determined in Ref. (41).
Spectra were obtained in BrF; solvent unless otherwise indicated.

The NMR parameters of KrF and XeF groups are very sensitive to solvent
and temperature conditions; it is therefore important to make
comparisons in the same solvent medium at the same or nearly the same
temperatures.

Referenced with respect to the neat iiquids XeOF, (**°Xe) and CFCl, ('°F)
at 24 °C; a positive sign denotes the chemical shift of the resonance in,
question occurs to higher fr:ec;uency of (is more deshielded thamn) the
resonance of the reference :usiance,

Table entries refer to the %ternin.l fluorine on the noble-gas atom.
Recorded in SbF,; solvent.

8 (*°F) measured in anhydrous HF solvent at -10 °C.

5 (**F) measured in SOQ,C1lF solvent at -40 °C.

NMR parameters measured in SO,ClF solwvent.

NMR parameters measured in SO,ClF solvent at -50 °C.

Not observed; Xe-F is relatively ionic and readily undergoes eiﬁ:change in
HF solvent.

d (***Xe) measured in HF solvent.




flanked by natural abundance (26.44%) !*®Xe satellites arising from 'J(***Xe-
F). The integrated relative intensities of the fluorine-on-noble gas
environments and perfluoroalkyl group are consistent with the proposed
formulations. Furthermore, the F-on-Kr(II) resonance of CF,C=N-KrF' could be
resolved to show the *Kr, *Kr and ®°Kr isotopic shifts (0.0105 ppm/amu), which
compare favorably with previously measured values for HC=N-KrF* (0.0138
ppm/amu) (7) and KrF, (0.0104 ppm/amu) (54). In addition, the F-on-Kr(iI)
resonances occur to high frequency of KrF, while the F-on-Xe(II) resonances
occur to low frequency of XeF, (Table 4). Similar, but slightly more positive
F chemical shifts have been observed for HC=N-KrF*' (8 (YF) 99.4 ppm; -57 °C;
BrF; solvent)® with respect to KrF, (8(°F) 68.0 ppm; -56 °C; BrF, solvent) (8).
This is in contrast to the R,C=N-XeF' series of cations which display
significantly more positive “F (F-on-Xe(II)) and '‘*Xe chemical shifts when
compared with HC=N-XeF* (3 {'°F) -198.4 ppm; 0(**Xe) ~1552 ppm; 'J(**°Xe-'°F) 6150
Hz; -10 °C; HF solvent) (34) and XeF, (§(*°F) -184.3 ppm; §(***Xe) -1685.2 ppm;
17 (*¥%Xe-'F) 5621 Hz; -52 °C; Brly). The *°Xe and F complexation shifts
indicate the Xe-N bonds of the R.C=N-XeF' cations are significantly more ionic
than in HC=N-XeF' or RC=N-XeF' (9) and is further supported by significantly
larger 'J('**Xe-'°F) values measured tor the R,C=N-XeF' cations, which are known
to increase with ionic character of the Xe-L bond in F-Xe-L type compounds
(see Tal?le 4) (31-33). The R,C=N-XeF' cations represent the most ionic Xe-N
bonded species presently known. In contrast, the analogous comparison of MF
chemical shifts for R.C=N-KrF' cations suggests that the Kr-N bonds of these
cations may be slightly more covalent than in HC=N-KxF*,

All three fluoro(perfluoroalkylnitrile)krypton(II) cations are thermally

less stable with respect to redox decomposition than HC=N-KrF' or their
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xenon (1I) analogs, preventing their iscolation and characterization in the
solid state. Decompositions monitored by "F NMR spectroscopy occurred over
periods of approximately 1 to 2 hours at -57 to -61 °C. The major
decomposition products consisted of Kr and the fluorinated products ('°F NMR
paramecers listed in parentheses): CF, (-63.1 ppm), C,fs (-88.6 ppm) and NF,*
(219.4 ppr, 'J(PF-'N) 229 Hz) for all three R,C=N-KrF' cations studied, and
n-C,Fy (~83.8 ppm, F,C-; -132.8 ppm, -CF,~) for C,F,C=N-KrF' and n-C,F,, n-C/F,,
(-82.8 ppm, F,C-; -129.2 ppm, -CF,~) for n-C,F,C=N-KrF' (9).

Reactions of XeF'AsF,” with alkyl nitriles, RC=N, and C/F,CN have also
been carried out by combining stoichiometric amounts of the reactants in
anhydrous EF and warming to -50 to -10 °C to effect reaction and dissolution '
in the solvent (34,37). Thg raactions proceed by analogy with equation (1).
In the case of the alkyl nitriles and HC=N, equilibrium (6) is significant so
that equilibrium amounts of XeF,, RC=NH''and HC=NH' are obs:.rved in the *°Xe, -
Pp, /N, ¥C and 'H NMR spectra but XeF, frequently is not observed in the F
arnd '*Xe NMR spectra. The apparent absence of XeF, in the NMR spactra is

attributed to chemical exchange involving free XeF' arising from e¢gquilibrium

(7) and Xe,F," as an exchange intermediate ‘equilibrium {8)).

.

RC=N-XeF*' + HF - aw==== RC=NH' + XeF, (6)
RC=N-XeF" - swos=c RC=NH + XeF' (1
erﬂ + XQFZ e erFQ‘ (8)

Multi-NMR spectra ('“Xe, YF, YN, N, ¥ awd !'H) have provided
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“unambiguous proof for the structures of the RC=N-XeF' cations in HF solution
(Table 5). Several alkyl nitrile adducts of the XeF' cation have also been
isolated and characterized in the solid state by low-temperature Raman
spectroscopy. The Xe-F stretching frequencias are consisten£ with weak
covalent bonding between xenon and nitrogen (see Bonding Considerations): CH,
(56D), CH,F (565), CH,Cl (564), C,H, (541), (CH,).,CH (£56), (CH,;),C (560); values
in parentheses are the Xe-F stretching frequencies, cm™.

The

decompositions of the nitrile adduct cations CH,(CH,), C=N-XeF' (n =
0 - 3) have been monitored in HF solution by multi-NMR spectroscopy. The rate
of fluorination of the alkyl chain increases with increasing chain length
with degree of fluorination increasing at the alkyl carbons in the order {} <

Y < 0, where no fluorination is observed at the u-carbon.

Perfluoropyridine and s-Trifluorotriazine Adducts of XeF'. The £fluoro-’

(pexfluoropyridine)xenon(II) cations, 4-RC,FN-XeF' (R = F or CF,), have been
observed in HF and BrF. solutions ind are stable in voth media up to ~30 °C.
The salts 4-RC,F ,N-XeF'AgF,” have been isolated at -30 °C from BrF, solutions
initially containing equimolar amounts of 4-RC,FNH'ASF,” and XeF,. The
resulting white solids were stakle to ~25 °C. Low-temperature Raman and '**Xe,
YF and N NMR spectroscopic zcsults are consistent with planar cations

(Structure I) in which the xenon atom is coordinated to the aromatic ring

- —+

R N-Xe-F | AsFg




Table 5.

Cations*

Chemical Shifts (ppaw)"®

Selected NMR Chemical Shifts and Coupling Constants for RC=N-XeF’

Spin-Spin Couplings (Hr)

Cation 5('"xa) S(°F) 5 ("*N) J(1"Xa-'"F) J('*Xa-"*Nj
CH,CwN-XeF' -1707 ~185.5 -251..1. 6020 313
CH,FCuN-~XoF" ~1541 ~198.2 (XeF) ~229.2 6164 333

-241.7 (CF)
CH,C1CrN-Xeak" -1582 -195.5 -236.6 6147 331
CH,CH,C=N-XeF' ~1717 -184.6 -251.9 6016 312
CH,FCH,CulN-Xet" -1662 -182.8 (XaF) 6063 322
' ~218.8 (CF)
CH,CH,CH,CaN-XeF"' -1718 -189.1 -249.7 6020 309
CH,FCH,CH,CuN~-XoF" -1663 -187.7 (XeF) 6065 321
-222.7 (CF) '
CH,CHE'CH,CoK-XaF" -1700 -186.1 (XeF) -257.86 6038 31%
-172.1 (CKF)
CHF ,CH,CH,CaN-XeF" ~120.9 (CF)
CH,CH,CH,CH,CuN- XaF* ~1720 -183.2 -247.1 6022 309
CH,FCH,CH,CH,Csl~XaF'  =1703 -184.6 (XeF) 6027 311
CH,CHECH,CH,CuN~-XeF* ~-1705° ~185.1 (XaF) 6015 <
-175.9 (CF) '
(CH,) ,CHC=N-XaF" ~1721 -184.5 ~251.4 6016 309
{QH,) ,Co=N-YXeF' =1721 -184.3 -251.4 6024 309
CH,C1C (CH;) HC=N-XeF'  -1703 -198.7 6027 314
CH,FC (CH,) HCaN-XaF" -1669 -187.9 (XeF) -243.8 6027 <. 301
-235.3 (CFE)
CF,CaN-XaF' -1424 -201.8 6610

(a) Referencas (34) and (37).
(b)

to

TMS (*}C) and (!H).
(c)

neat liquid refarences:

XeQOF,

(129xe) .

Raegonance overlaps with that of CH,FCH,CH,CH,C=N-XeF*.

Recorded at -10 to ~-30 °C and referenced externally at 24 “C with respect
CFCl,(*°F),

CH,NO, (**N) and




through the lone pair of electrons on the nitrogen (ref. (39) and Tables 2
and 4).

Equimeclar amounts of XeF'AsF,” and the perfluoropyridine, 4-RC,FN (k = F
or CF,;), react in anhydrous Hf at -30 to -20 °C accoxding to equation (9) and
equilibria (10) and (11) to give the novel Xe-N bondad cations, 4-RC,F,N-XeF*,

as the AsF,” salts in solution,

4-RC,F,N + (1 + x)HF

> 4-RC,F ,NH’ (HF) xF~ (9)

4-RC,F NH' (HF) xF~ + XeF'AsF,” ===== 4-RC,F,NH'AsF,” + XeF, + xHF  (10)
XeF*AsF,” + 4-RC,F,NH'AgF,” ===== 4-RC,F,N-XeF'AsF,” + "HASF," (1)

At =30 °C these solutions consisted of equilibrium mixtures of ZXeF,,"
4-RC,F ,NH'AsSF,” and 4-RC,F N-XeF'AsF,” as determined by NMR spactroscopy (Table
3). Removal of HF solvent by pumping at ~50 °C resulted in white solids which
Raman spectroscopy at -196 °C also showed to be mixtures of 4-RC,F,N-XeF'AsF, ,
XeF, and 4-RC.F,NH'ASF,".

An alternative approach,' which led to isolaticon of the Xe-N ronded
cations, allowed stoichiometric amounts of XeF, and the perflvoropyridinium
cations, as their AsF,” salts, to react in HF and BrF, solvents at -30 °C

according to equilibrium (12).

XeF, + 4-RC,F NH'ASF,” =—== 4-RC,FN-XeF'AsF,” + HF (12)

The equilibria in both solvents were monitored by '*®Xe, PF and **N NMR
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spectroscopy. In the case of BrF,, formation of 4-RC.F N-XeF'AsF,” was strongly
favored over that in HF solvent; the equilibrium ratio [4-RC,FN-
XeF']/[4-RC,F ,NH'] being 0.25 and 2.1 in HF and BrF; solvents, respectively,
at -30 °C for R = F and 3.7 for R = CF, in BzF, at ~50 °C (K; = 4.5 at -30 °C
and K, = 13.6 at -50 °C in BrF, for equilibrium (8)). Consequently, removal
of BrF, solvent under vacuum at -30 °C yielded white sgolids corresponding to
the salts 4-RC,F,N-XeF‘AsF,". The CF,-derivatives substituted at the 2- and 3-
positions have also been synthesized from the their perfluoropyridinium salts
in BrF, solvent and characterized by NMR spectroscopy (&{'**Xe), -1899 and
-1877, respectively) (37). -

The interaction of ligquid s-trifluorotriazine, s-C,N,F,, with XeF'AsF, at
room temperature for three hours followed by removal of excess s-
trifluorotriazine under vacuum resulted in a white powder which is stable
indefinitely at room temperature (9). The combining ratio XeF'AsF

8-C,N.F, = 1.00 : 1.00 is consistent with equation (13)
xeF+ASF5- + 3_C3F3N3 _—D S_CJF3N2N—XQF1 ( 1 3 )

Both the F and '?’Xe NMR findings (Tables 3 and 4) for the salt dissolved in
BrF, and HF solvents are consistent with the cation formulation given by

Structure II. The '**Xe NMR spectrum recorded in BrF, at -50 °C consists of a

- e -+
Ne=~

—\

F—< N-Xe-F | Asfy
\ 6
N—{

F i

II
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doublet arising from *J(***Xe--*)F) = 5932 Hz. The '**Xe-~!*N coupling is quadrupole
collapsed, as has been observed previously for 4-CF,-C,F .N-XeF'AsF, and C.Fs-
XeF*AsF,” in BrF, at low temperatures (39). In HF solvent, however, J(**’Xe-*‘N)
= 245 Hz was observed at -5 °C and compares favorably in magnitude with those
reported previously for the related perflucropyridine cations (235 - 238 Hz).
The F NMR spectrum shows two F-on-C environments in the ratio of 1:2 and a
F-on-Xe (II) environment with accompanying '?*Xe natural abundance (26.44%)
satellites arising from 'J(**°Xe-"F) and a 1:2:1 triplet arising from ‘J(F,-F,)
= 10.9 Hz. The iatter coupling has also been observed for the
perfluoropyridine cations 4-CF,-C.,F N-XeF' (25.8 Hz) aand C,F.N-XeF' (25.0 Hz)
(39) .

The reaction of XeF,'SbF,” with s-C,F,N; in BrF, solvent at 20 °C fails to
give C,F,N,N~XeF,* (57). Rather, reduction of Xe(JV) to Xe(II) occurs according

to equation (14)

2x3F3+Shc'5_ + BR—CJFJN_‘ ———D> S“C:‘FJNZN"XBF’ +
F F
N__.J\ — N
F" F
=y
F

F

The Lewis Acid Properties of the XeOTeF.' and XeOSeF.' Cationg. More rxecently,

this work has been extended to the Lewig acid properties of the noble-gas

urknown, was prepared according to equations (15) - (17)
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2SeOF, + 3XeF, ——> Xe(OSeFs), + 2Xe ' (15)

Xe (OSeF,), + XeF, ———> 2FXeOSeF, (16)

AsF; + FXeOStaF,

> XeOSeF,'AsF, (17)

While the XeOMF,” cations (M = Se, Te) are expected to be weaker Lewis acids,
they are expected to be less strongly oxidizing than NgF' cations, and have
been shown to form stable adducts at low temperature with several organic and
inorganic nitrogen bases leading to the first examples of O-Xe-N linkages
(Table 6).

Although the s-C,F,N,N-XeOMF,'AsF,” salts were successfully prepared near
room temperature by reaction of the neat compounds (equation (18)), other
potential organic ligands such as nitriles and pyridines are vigorously
oxidized by XeOMF.,' cations when these reactions are attempted in the absence

of a solvent under similar ccnditions.

XaOMF,'AsF,” + 8-C,F.N, —> FMO-Xe¢-NN,C,F,’ASF (18)

-

To partially addrass this problem, XaOTeF,'Si» (OTeF;) ¢ was synthesized and is
the first fully substituted OTeF, salt preparad to date (57). The salt was
prepared in SO,ClF using the redox synthesis described Iy equation (19).

2Xe (OTeF,), + Sb(OTeF;), ————> XaOTerl,'Sb(OTeF;),” + Xe (19)

It was shown that the decreased polarity of the Sb(OTeF;) anion relative to
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AsF,” anion facilitated solubility in SO,ClF at low~temperatures and was fouud
tc be soluble in high concentrations down to the freezing point of the
solvent (-124 °C). This synthetic approach allowed the formation of adduct
species with XeOTeF," and representative members of the series of nitrogen
bases, i.e., acetonitrile and pentafluoropyridine, at low temperatures and
under non-solvolytic conditions in a low-polarity solvent (Table 6 and ref.
(57)) . Low-temperature *°F NMR studies show that the XeOTer*. cation possesses

sufficient Lewis acid strength to coc rdinate to SO,CLF (57). The only other
kxnown examples of adduct formation with the weakly basic SQ,ClF molecule have
been reéorted for SbF, and AsF; at low temperatures (58), suggesting that the
ability of the XeOTeF;" cation to coordinate with the weak electron donor, -
SO,ClF, is a consequence of the weak coordinating ability of the Sb(OTeF;),”
anion. Remcval of excess SO,ClF from these solutions under vacuum at 25 °C
results in the 1:1 adduct salt, FTeOXe-0SOClF'Sb(OTeF:),” which slowly
dissociates upon further pumping at room temperature (57). In addition,
Bi (QTeF,); and EtN'M’' (OTeF;)s (M’ = Sb or Bi) were also synthesized and
chuaracterized by !?'Sh, 2°Bi, F and !?°Te NMR (57). Prior to these studies only

the As (OTeF;); and As (OTeF;),  had been reported (59).

Noble-Gas Cation Adducts with Inorganic Bases. The synthesis of N=SF, Lewis

acid-base adducts with the noble-gas cations XeF', XeOSeF,', and XeOTeF;' have

also been investigated (38). Sevaral synthetic approaches have been used

(equation (19)).




where L = XeF', 0SeF.' and the solvent was BrF, at -50 °C. In addition, solid
" F-Xe-N=SF,'AsF,” has been synthesized by the direct interaction of liquid N=SF,
with solid XeF'AsF, . Structures have been characterized using primarily °F
and '*Xe NMR spectroscopy (Tables 3, 4 and 6) in solution and by low-
temperature Raman spociroscopy in tne solid state (Table 4).

The solvolytic behavior of the F,S=N-XeF' cation has bean monitored in
anhydrous HF (38). Two successive additions of HF occur across the sulfur-
nitrogen bond to give the F,S=N(H)-XeF' (Structure III) and F,S-N(H,)-XeF'
{Structure IV) cations. The **Xe NMR spectrum of the SF; derivative shows that
this xenon is the most shielded '**Xe environment (most covalent Xe-N bond)
observed for a xenon-nitrogen bonded species (Tables 3 and 4). Moreover, the’
F.S-N(H,) -XeF' cation represents the first example of a bond between xenon and
an sp’-hybridized nitrogen. More recently, the tellurium analog has been
prepared in HF and BrF, solvent at -45 and -50 °C, respectively, (40)°

according to equation (21).

F.TeNH,’AsF, + XeF,

> F,Te-N(H,) -XeF'AsF,~ {21)

III v
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BONDING CONSIDERATIONS

The Ng-N bonds described in this Review may be thought of as classical
Lewis acid-base donor acceptor bonds. Implicit in this description is a
considerable degree of ionic character for these weak covalent bonds, which
is a dominant feature of their stability. This premise has been supported and
further illuminated by several theoretical calculations on HC=N-NgF' cations
(Ng = Ne, Ar, Kr, Xe) and spectroscopic measurements on a wide range of XeF",
KrF' and XeOMF.' adducts of nitrogen bases in which the formal hybridization

of nitrogen ranges from sp, sp’ to sp’.

Spectroscopic Findings. The reaction of the gas phase NgF' ions with F~ to

vield the difluorides results in increases in the calculated Ng-F bond~
lengths of 0.1 A, while their reaction with HC=N causes the same bond lengths
(calculated) to increase on average oy only 0.016 A (41). There is a
correlation of Ng-F bond length and the Ng-F vibrationzl frequency with the
base strength of the ligand attached to NgF'. This is illustrated by the
examples shown in Table 4. The NgF' species are only weakly coordinated by a
fluorine bridge to the Sb,F,,” anion, providing the highest Ng-F stretching
frequencies (Xe, 619; Kr, 624 cm™’) while the interaction of XeF' with N(SOQ,F),”
is representative of a much stronger covalent inferaction and provides the
lowest Xe-F stretching frequency observed to date for a covalent derivative
of XaF, (506 cm™) (3). The C-N bond of HC=N is calculated to shorten by ~0.05
A on forming the adduct, while the C-H bond is calculated to lengthen by

0.008 A (41). These predicted changes in bond length alsc correlate with the
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shielding (more mnegative chemical shift) with a transfer of negative cﬂarge
" to Xe and, hence, with increased covalent character of the Ng-L interaction
(increased ionic character of the Ng-F bond) (31-33). The F,S=N(H)-XeF', F,S-
N(H,) -XeF* and F,Te-N(H,) -XeF' cations are characterized by the high shieldings
of their '*Xe nuclei and the absence of 'J(}*°Xe-!°F) arising from fluorine
exchange with the solvent (Tables 3 and 4). The NMR findings are consistent
with a strong covalent bonding interaction between xenon and nitrogen with a
commensurate increase in Xe-F bond lability and ionic character and may be

coanveniently represented by an increased contribution from valence bond

Structure VIII and/or by deprotonation upon adduct formation to give the

neutral derivatives F,S=N-XeF, F;S-N(H)-XeF and F,Te~N(H) -XeF, which may be in )

equilibrium with the cations in HF and BrFs; solvents. Whatever the precise
nature of the nitrogen bonded ligand may be in solution, these Xe-N bonded
derivatives represent the most covalent Xe-N bonds synthesized to date. -

Quadrupolar nuclei in noncubic environments generally yield poorly
resolved one-bond coupling patterns in their NMR spectra due to quadrupolar
relaxation effects (36). In spite of the low symmetries about the nitrogen
atoms in the cations investigated to date, the N NMR spectra frequently
show well resolved ;and only par.tially quadrupole collapsed scalar couplings,
17 (1°Xe-'*N) (and J(*'N-'°C) in the case of HC=N-XeF'; Tables 2, 3 and 5). In

prior studies of the imidodisulfurylfluoride derivatives of xenon(II)

(3,4,6), the lack of cubic symmetry and the small electric field gradient at

N in the trigonal planar -N(SO,F), group necessitated >N enrichment in order
to observe xenomn-nitrogen scalar couplings and nitrogen chemical shifts in
FXeN(SO,F), (3), XeN(SO,F),* (6), Xe[N(SO,F),], (4) and F[XeN(SO,F),]," (4)

cations in SbF,, BrF; and SO,ClF solvents. The extent of minimal quadrupolar
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relaxation wvia a reduced electric field gradient has been examined
theoretically for HC=N-NgF' (Ng = Kr, Xe) by calculating the field gradient
at the nitrogen nucleus and comparing it to that in isolated HC=N (41).
Relative to free HC=N, the principal component of the electric field gradient
tensor in the H — N direction, is halved upon formation of both HC=N-XeF' and
HC=N-KrF' and is in agreement with the fact that 'J(***Xe-!'N) can be readily
observed under conditions favoring low molecular correlation times. The
electric field gradients at the Xe nucleus in XeF' and HC=N-XeF' have also
been calculated (41), and differ by less than 7%, a result in agreement with
the experimental observation that the quadrupolar splitting observed in the
#Xe Mossbauer spectrum of HC=N-XeF' (40.2 + 0.3 mm/s) is, within experimental’
error, the same as that obtained for the salt XeF'AsF,” (40.5 t 0.1 mm/s) {(60).

The difference in the magnitudes of 'J(***Xe-'°N) in HC=N-XeF' (471 RHz)
(34) and FXeN(SO,F), (307 Hz) (3) may be discussed using a previous assessment
of the nature of bonding to xenon in solution for FXeN(SO,F), where the Xe-N
bond of FXeN(SQ,F), is regarded as a O-bond having spz hybrid character
(3,4,6). In high-resolution NMR sgpectroscopy spin-spin coupling involving
heavy nuclides is, with few exceptiocns, dominated by the Fermi contact
mechanism -(61) . For Xe-N spin;spin couplings dominated by the Fermi contact
mechanisn, one-bond coupling constants can be discussed on the basis of the
formalism developed by Pople and Santry (62). In discussions of xenon-
nitrogen scalar couplings in xenon(iI) imidodisulfurylfluoride compounds (6),
the s-electron density at the xenon nucleus was assumed constant and a change
in the. hybridization at nitrogen accounted for changes in xenon-nitrcgen
spin-spin coupling. Even though the Xe-N bond is markedly less covalent in
the hydrocyano cation than in FXeN(SO,F),, the J(**’Xe~'"N) values observed for
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HC=N-XeF' are substantially larger than for xenon bonded to the trigonal
pPlanar nitrogen in FXeN(SO,F), (Table 3). The dependence of xenon-nitrogen
spin-spin coupling on nitrogen s-character in the xenon-nitrogen bonds may
also be invoked to account for the relative magnitudes of the scalar
couplings. A comparison of 'J('*°Xe-!°N) for HC=N-XeF' with that of the trigonal
planar sp’ hybridized nitrogen atom in FXeN(SO,F), illustrates this point and
allows assessment of the relative degrees of hybridization of the nitrogen
orbitals used in 0-bonding to xenon. The ratio, [*J(**Xe-'°N)_]1/['J(***Xe-"°N) 2]
= 1.53, for the HCz=N-XeF' cation and FXeN(SQO,F), is in excellent agreement with
the theoretical ratio, 1.50, calculated from the predicted fractional s-
characters of the nitrogen orbitals used in bonding to xenon in both
compounds .

The formal s-character in the Xe-N bond of other adduct cations, for
which either J(}*Xe-N) or !'J(!*°Xe-'°N) are known, can be related to the-
reduced coupling constant, !K(Xe-N), thus eliminating the effect of the
different gyrcmagnetic ratics of N and N on the magnitude of the scalar
coupling (6,62). A comparison of 'K(Xe-N) of XeF* adduct cations with nitrogen
bases and of xenon(II) derivatives containing the N(SO,F), group is given in
Table 3. In general, 1K(Xe‘-N) values occur in two discreet ranges
corresponding to the formal hybridization of nitrogen, sp or sp’. There are
presently no measured values for xenon coordinated to an sp’ example, even
though the F S~-N(H,) -XeF; and F.Te-N(H,) -XeF* cations are known (see Structure

IV), owing to quadrupole relaxation of their 'J(***Xe-'*N) scalar couplings.

Theoretical Calculations. In order to better characterize the nature of the

Ng-N bonds in HC=N-KrF' and HC=N-XeF', their syntheses and spectroscopic
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measurements have been complemented by several theoretical calculations on
the HC=N-NgF' (Ng = Ne, Ar, Kr or Xe) cations (41, 63--66).

Theoretical investigation of HC=NR-KrF' and HC=N-KrF' at the SCF level
using the theory of atoms in molecules (41) has shown that the ability of KrF*
and XeF' cations to act as Lewis acids is related to the presence of holes in
the valence shell ¢ - -3 concentrations of the uchle~gas atoms that expose
their cor .s. The mec.. .cm of formation of the Ng-N bonds in the adducts of
KrF' and Xelk' w.tn HCEN is similar to the formation of 2 hyl-ogan 1ond, i.e.,
the mutual penetration of the outer diffuse non-bondea dansities of the Ng
and N atoms iz facilitated by their dipolar and quadrupolar polarizations,
which rcmove density along their axis of approach, to yield a final density-
in the interatomic surface that is only slightly greater than the sum of the
unpexturbed densities (Figures 3 and 4). Thus, not surprisingly, the KrF' and
Xet' cations are best described as hard acids. The energies of formation of-
these adducts are dominated by the large stabilizastions of the Ng atoms that
raesult. from the increase in the concentrution of charge in their inner
quantum shells. The Ng-N bonds that result ¥rom the interaction of the
closad-shell reactants KrF'/XeF® and HC=N lie closer to the closed shell liwmii
than do bonds formed in the raaction of Kr¥'/XeF' with F°. The calculated gas
fhase energies of the reaction between the closed-shell species are -136.0

and ~-144.3 xJ mol™?! tor Ng = Kr and Xe, respectively, for

NgF' + HC=N ———> HCsN-ngF* (22)
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Figure 3.

(2) Contour map of the charge density in the adduct HC=H-Kri" showing the bond paths and thae
intersaction of the interatomic surfaces. Bond criticsl points are denoted by black circlas.
Nota the near planarity of the Kr—-N intaratomic surfaca, which ias alsn a characteristic of a
hydrogaen bond. The outer contour value is 0.001 au. The remaining contours increase in wvalue in
the ordar 2 x 10°, 4 x 10", 8 x 10" with n stazting at -3 and increasing in steps of 1 to give
a maximum contour value of 20. (b) Contour map of the Laplacian dietribution for HC=N-KrF*. The
positions of the nuclei arae the same as in part (a). Solid contours dancte positive and dashed
lines denote negative values of V'p. The magnitudes of the contour values sre as in part (a),
without the initial value of 0.001 au. (c) A relief map of -Vp. A maximum in the relief map is
a maximum in charge concantration. If the inner spikelike feature at its nucleus is counted, the
Kr atow aexbibits four alternating regions of charge cconcentration and charge dsplation
corrasponding to the presunce of four quantum shells. Note the absence of a lip on tha N side
of the Xr VSCC damonstrating the presence of & hole in its outer sphare of charge concentration.
Contrast the localizecd, atomic-like nature of the Laplacian distribution for the F and Xr atoms

with tha continuous valancae shell cof charge concentration enveloping all three of the nuclel in
HC=N. (Raprintad with narmission from ref. (41}).
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F Kr N C H

Figure 4.

Zero anvelopes of the Laplacian distributions (V¥p = 0 for all points on the surface) for
isolated KrFf" and HC=N shown aligned for addust formation and shown to the same scale. Tha
separation between ihe fi and W nuclel iz 5.2 &, Rll that vemaine of tha VSCC of the Kr atom is
a belt of chaxge concantration, and the diagram cleaxly illustratas the exposurs of its
panultimate spharical shaell of charge concentration--the core of the krypton atom. The diagram

also contrasts tha interatomic nature of the charge concentration in HCN with ite pronounced
intraatomic form in KrF'. (Raprinted with perxmission from ref. (41)).
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and -874.5 and -886.6 kJ mol™! for

Ngr* + F-

> F-Ng-F (23)

The molecular structure and force field of HCEN—KrF*lhave also been
calculated at higher levels of theory (Tables 7 and 8 and ref. (63-66)). The
incorporation of electron correlation is necessary to describe satisfactorily
the structures, stabilities and vibrational frequencies. The force field has
been calculated, and the cation is predicted to be linear. Reasonable
agreement with the two observed vibrational Raman bands in the solid tas been
found in all four sets of calculations. The stretching mode leading to ]
dissociation into KrF* and HC=N was calculated to be near 200 cm™ (66). The
KrF and HC=N fragments in the complex have geometries similar to those for
the isolated molecules (Table 8): the Kr-N bond distance is predicted to be -
relatively long, 2.18 - 2.32 A (cf. sum of Kr and N van der Waals radii; 3.4
A), the Kr-F distance in the adduct is predicted to increase by only 0.0 -
0.13 A relative to that of KrF'. The HC=N-KrF' cation is predicted to be bound
by 130.1 - 176.1 kJ mol™? with respect to KrF' and HC=N at higher levels of
theory (cf. 126.4 - 136.0 k.J‘mcjl.’1 at SCF level) with zero-point energy
corrections (63-66).

All four of the calculated results are consistent with an ionic and a
covalent component in the bonding of KrF' with HC=N, i.e., the fragﬁentg are
. 0-bondad with a high degree of ionic charactar. The Kr-N bond is the result
of a donor-acceptor interaction between the sp-lone pair on N and thao empty
G orbital on KRrF'., In the study by Dixon and Arduengo (66), the molecular

orbitals and bonding are analyzed in terms of hypervalent bonds. Their
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Table 7. Bond Distances (A) for Optimized Geometries for KrF*, HC=N and

HC=N-KrF*

Species r(C-H) r{(C=N) r(Kr-F) r {Kr-N) Ref.

KrF* 1.697 66

1.752 72

HC=N 1.057 1.126 66

1.064 1.156 73

HC=N-XrF* 1.065 1.122 1.709 2.320 66

1.068 1.128 1,748 2 307 41

1,067 1.168 1.707 2.313 64

1.072 1.1292 1.772 2.183 64

1.076 1.175 1.83 2.281 63
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results indicate that the bonding between Kr and N is not a simple covalent
o-bond but is best described in terms of three-center and four-center
hypervalent bonds, where both types of hypervalent bonds are needed to
describe the covalent o¢-bonding in HC=N-KrF'. The charge distribution for
HC=N-KrF' shows some transfer of electronic charge from the carbon to the KrF*
region, consistent with a contribution from the resonance structure
H~'C=N-Kr-F.

High-level ab initio calculations (65) also predict that the HC=N-ArF'
cation is a stable argon-nitrogen bonded species with a heat of association,
~-160 kJ mol™?, corresponding to equation (22), which is comparable to that of
the observed krypton analog (-157 kJ mol™). These results, together with -
another recent high-level tlheoretical calculation which estimates the
electron affinity for ArF* to be 13,66 eV (11) suggest that HC=N, with its
high fixst iomization potential (13.59 eVv) (13), may be oxidatively resistant-
enough to withstand the formidabie electron affinity of the ArF' cation. The
synthesis of tha HC=N-ArF' cation is likely to require the ArF' cation, which
is axpaected to be an oxidizer of unprecedented strength, if and when it is
synthesizad. Reactions analogous to those given in equations (3) and (5)
involving ArF, are not feasible, as ArF, is predicted to be unbound (11). The
synthesis of ArF' is in itself, formidable and will entail the use of a
counter anion which is capable of withstanding its high electron affinity
(11) .

At the correlated level, the HC=N-NeF' cation (65) is found to be an
unstable spacies, dissociating spontaneously to EC=M~Ne' + F, where the HC=N-

Ne' fragment is itself a weakly bound species having a binding energy of only

6 kJ mol™t,




EPILOGUE

The gap resulting from Lthe syntheses of the first examples of Kr-N bonds
(8,9) and the previous existence of several examples of Kr~F bonds (KrF,),
KrF* and F(KrF),' (42)) has prompted the reinvestigation of the possibility of
forming the first Kr-O bonded species (67). Using '°F and "0 NMR spectroscopy
of 0 enriched samples, it has been possible to document the formation of the
first Kr-O bonds by the synthesis and decomposition of thermally unstable

Kr (OTeF;), according to equations (24) and (25).

3KrF, + 2B(OTeF,;); —> 3Kr(OTeF,), + 2BF, : (24)
K (OTeFs), -— > Kr + F,TeOCTaF, (25)

The syntheses of the first examples of xenon bonded to aromatic rings;
n-CF,C,F N-XeF' (n = 2, 3, 4) (37,39), C,FN-XeF' (39), C,F;N~Xe-OTeF,* (57), s-
C,F,N,N-XeF* (9) and s-C,F,N,N~Xe-OTa#;* {(57) have recently been complemented by
the first documented case of xenon bonded to an arcmatic ring through carbon,
namely, the C,F,Xe' cation (70-72). While the aryl ygroup of the (C,F,Xe' cation
serves to reduce the electron density at Xe(II), as evidenced from the
extreme low-frequency position of the '’Xe chemical shift (-3769 ppm relative
to XeOF, in CH,C=N solvent), tha '*Xe shieldings in the s-trifluorotriazine
and perfluoropyridine derivatives are less than in the carbon analog and may
in large part be associated with the electron-withdrawing character of the
n denatin g character of tha ni

heterocycles relative to HC=N and RC=N in the XeOTeF,' and XeF' adducts is,

45




however, apparent from the higher '**Xe shieldings in the former (Tables 3 and
4) . The crystal structure of the C,F.Xe' (C/F:),BF,” shows the Xe-C distance
(2.092(8) A) (72) is comparable to the I-C distance in C.F,I (O,CCFs), (2.072(4)
A) (73). Coordination of CH,C=N with the C,F.Xe' cation serves to lower the
effective positive charge at xenon by corrdination to the nitrogen of CH,C=N,
to give an Xe'"'N contact of 2.681 A, that is significantly shorter than the
sum of the van der Waals radii for Xe and N (3.6 A) and substantially longer
than in the Xe-N(SQ,F)," (2.02(1) A) (6) and FXe-N(SO,F), (2.200(3) A) (3). The
Xe-N bond in C,F,;Xe-N=CCH," is clearly weakly covalent and can be described in
terms very similar to those used to describe the Xel' adducts considered in

this Revieaw,
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Flucro!nitrile)xenon(n) Cations, RCsN-XeF+ AsFg~ (R = H, CH3, CH,F, C;Hs, C,Fs, C3F5,
or CgFs); Novel Examples of Xenon-Nitrogen Bonds and 129Xe-13C, 129Xe-'H, and

129X e-14N Nuclear Spin--Spin Couplings
Adel A. A. Emara and Gary J. Schrobilgen*

Depantment of Chemistry, McMaster University, Hamilton, Ontario L8S 4M1, Canada

A new class of Xe~N bended compound results from the interaction of the electron lone pair of a nitrile with the
Lewis acid, XeF+; the cationic adducts, RC=N~XeF+, have beer derived from the interaction of the appropriate nitrile
with either Xef+AsFe~ or Xe,F3+As%s~ in anhydrous HF at low temperature and characterized in the solid state by
Raman spectroscopy (fur R = H and Me) and in HF solution by 129Xe, 19F, 14N, 3C, and 'H n.m.r. spectruscopy.

Herein we report a new ligand group for xenon which 13
bonded to the noble gas atom through nitrygen. In choosing a
likely figand precursor for a Xe-C or Xe-N bond, the very
weak protonic acid HON was considered and initially found to
be unreactive towards Xefs in SO-CIF at room temperature
by the usual HF displacement to give the Xe-C and Xe-N
bondeu ¢compounds. FXe(CN) and Xe(CM).. Although the
conventional HF displacement is not a viable route to
xenon(n) cyanides and isocyanides, we have found that HCN,
and nitriles in general. behave as nitrogen bases towards the
XeF+ cation.

The reactions of XeF~AsFq- and XeFi*AsF,~ with HCN.
Cl‘l';CN. CH_.FCN C:l T.CN. C:FACN C.F,CN. and C;,F«CN
were carried out by combining stoicheiometric amounts of the
reactants in anhydrous HF and warming to =20 to —10°C to
cffect reaction and dissolution in the solvent THCUN reactions
were also conducted 1 SOLCIF solvent). The reactions
proceed according to eguations (1) and (2).

KebrAst,” + RCaN: — RCaN-XeFrAsE,7 (1)
(1) 2)

XesF3t AsE, " 4 (1) === (2) + XeF, (2)

Muitinuclear magnetic resonance spectra were recorded for
the nitrile cations in !FF s 3lvent, and in the case of the 'H and
129Xe n.m.r. spectra of the HCz=N-XeF+ cation. in BrFs
solvent. As every element in the RCEN-XeF* cations studied
possesses at lcast one nuclide which is suitable for abservation
by n.m.r. speciroscopy. n.m.r. studies using both naturaily
abundant and '*C enriched compounds were undertaken and
have provided unambiguous proof for the structures of a
majority of the cations in solution (Table 1). In the case of
HC=N-XeF+, the chemical shifts of all five nuclei and eight of
the ten possible spin-spin couplings that have been observed
are listed in Table 1. The 12Xe, N, 1°C. and 'H spectra are
illustrated in Figures 1 and 2. The couplings, 'J(!Xe-tN).
J(19Xe-13C). and Y (19 Xe-1H). represent the first examples
of nuclear spin-spin couplings observed betweer these
nuciides, Qwing o ihe cviindrical symmgtry of the C=N-Xe-F
moiety in the new cation series, low viscosity of the HF sulvent
medium. and the small quadrupole moment of N. quadru-
pole relaxation ¢« the Xe-MN coupling 15 found to be
minimal giving rise to slightly quadrupole collapsed 1:1:1
triplets in the '2¥Xe spectra and 2vXe satellites in the 1IN
spectra (Figures 1 and 2). The similarities of 1J{129Xe¢-14N)
and J(1¥Xe-F) vatuen to those " the HC=N-Xel - cation
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Figure 1. N.m.r. spectra of HC=N-XeF+* AsF,-: (a) '*¥Xe spectrum
for 2 99.2% *C eariched sample recorded in HF solvent at —10°C;
(b) 'H specirum for a natural abundance sample recorded in BrFy
solvent at-58°C at 1.8790 T: (c) 1C spectrum for a 99.2% C
enriched samnple recorded in HF at —10°C. Asterisks (*) denote 129Xe
sawellites.

also allow analogous structures to he assigned io the alkyl-,
fluoroalkyl- and pentafluorobenzonitrile cations.

The observation of /(12 Xe-1*N} in both the 1'N and 129Xe
spectra is particularly noteworthy and provides conclusive
proof that in each case the nitrogen atom is directly bonded 10
xenon. This is confirmed by comparing their respective
reduced coupling constants, 'K(Xe-N) {(calculated using the
expression given in refs, 1—3; (see Table 1), with that of
FXeN(SO,F), [1J(12Xe-!5N) 307 Hz; ' K(Xe-N)0.913 » 1022
NA-=2yn~-3].1 In addition, the small value of the J-coupling,
19Xe-13C, observed for the 33C enriched sample of
H-C=N-XezF+, and 4 one-bond '*C-'H coupling, also confirm
that the xenon atom is not bonded to carbon in this species.

Assuming that the Xe-N spin-spin couphngs in xenon—
nitrogen compounds are dominated by the Fermi contact
term. a comparison of 'K(Xe-N) values for R-CaN-XeF+
witl that of the tngonal planar sp2-hybridised nitrogen atom in
FXeN(SO,F)s! allows assessment of the relative degrees of
bybridisation for the nitrogen orbitals uzed in bonding to

1645
—
(a) 1000 Hz
(b)
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| »
..J N R
A1 2 4 n s 1 s " 1 1
-1650 ] -1700 -17%0
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i
I
u\/ \/*
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I i n L. )| 1 € A L 1
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Figure 2. N.m.r. spectra of CH,C=N-XeF* AsF..- recorded in HF
solvent at ~10°C: (a) and (b) are 12¥Xe cpectra, where (a) 1s natural
abundance and (b) is 99.7% ''C cnriched at the 2-carbon; (c) natural
abundance “N spectrum. Asterisks (*) denote '29Xe satellites.

xenon, The ratios of ['K(Xe-N)], to [‘K(Xe-N)] ;2 are
1.42-~1.53 for the cations listed in Table 1, in excellent
agreement with the theoretical ratio, 1.50. calculated from the
predicted fractional s-characters of the nitrogen orbitals used
in bonding to xenon,

In the case of the perfluoroalkyl derivatives (R = C,F; and
C;sFy), the Xe~N bonds are found to be labile on the n.m.r:
time scale in HF solvent at temperatures down to —30°C as a
result ot a decrease in base strength for RC=N: with increasing
fluorine substitution at C-2.

The salts HC=N-XeFrAsF,~ and CH,C=N-XcF-AsF, -
were 1solated from HE solvent by pumping the solutions under
vacuum at —50 to —30°C to give white solids whose Raman
spectra were recorded at —=196°C (514.5 nm excitation). The
Raman spectrum of F'C=N-XeF *AsF,~ was assigned in detail
while only key frequencies of CH.C=N-XceF+AsF, - have
presently been aswigned. In addition to the three Raman active
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Table 1. N.m.r. paramcters: for RCZN-XcF* cations

Chemical shiftst

R O(‘I“xe) O(IvF)g h(“N} b(I\C) b(lH)
H¢ —-1552 ~198.4 -235.4 104.1 6.01

- 1569« 5.67
CH.F -1541 - 1984 (XcF) -229.2 5.44

-241.7(CH)
CH, - 1708 ~185.3 =251 115.3(CN)s 2.41
(L6(CHy)h
C.H. -7 —184.6 —251.y 1.29(CH,)
2.80(CH,)

Cp,F},' - 1426

Coupling Constantst

HO=N-XeF -+ CHLFCaN-XeF » CHACaEN-XcF - v CHCEN-XeF - C FCeN-MceF-

(129%e—1N) 334 313 33 3
1J3Xe-"F) 61306181 ) 60l63 G20 a7 6610
V(1IN an

J(1MC-TH) 308 141

(X e-1'C) ! . 79

J(VF-'H) 44

3] (19F--14N) iN

JJ'(II‘IXC_IH) R

A (IWE-0C) 18 19 '

Y H-H) 7.5

4] (9F-1H) 26

'K (Xe-N) 1.39% ¢ {022 1.389 x |02 1.305 x 12 1.297 x 16):2

* Spectra were recorded in anhydrous HF at —10°C using 9 wm o.d. FEP sampte tubes a1 5.8719 T, and spectrometer frequencies (MHz):
129% e 69.563, WF 235361, BN 18.075. *C 62.915. 'H 250.132. » Samplcs were referenced externally at 24°C with respeat 1o the neat
liquid references: XeOF, (1%Xe), CFCl ("F), CH,NO. (N). SiMe, (*C and 'H). A positeve chemical shift denotes a resonance occurring
to high frequency of the reference compound. < All 'F spectra dispiayed a broad saddle-shaped fcature at co. —68 p.p.m. arising from the
partially quadrupole collapsed 7*As~!YF coupling of the octahedral AsF.- anion. ¥ Sample prepared (rom 99.2% '*C ennched HY'CN
* Measured in BrFs solvent at =58°C; the 1J(12Xe-14N) coupling was found to be completely quadrupole collapsed under these conditions.
Tne sample was prepared by redissolving solid HC=N-XeF - AsF, -, prepared in HF solvent. in BrF« at -50°C. f Measured in 4 5 mm
o.d. precision glass tube in BrF; solvent at ~58°C. at 80.022 MHz (1.6790 T) for ‘H. The sample was prepared by redissolving sohid
HC=N-XeF+AsF,-, prepared in HF solveat, in BrF< at -50°C. s Sample prepared from 9% ''C ennched CH4')CN. * Sample
prepared from 99.7% VC enriched “*CH.CN. ' Decompasition occurred at —10 1o --20°C, preventing tuller characierisation. ' J values
in Hz; K values in NA-2m -},

modes consistent with an octahedral AsF,~ anion at 679(50), Addiuonal examples of mitnles and other inorganic and

vi(ayg); S81(13), vilep); 371(15). wvs(tyg) ¢m~': und the
formally Raman inactive modes vi(t,,) at 692(12) and v (t,,)
at 244(1), 269(6), 280(14) cm~-!; the most prominent features
of the linear HC=N-XeF+ cation spectrum are the factor-
group-split C=N stretch at 2159(41) and 2163(18) em-! and a
pair of intenss lines at 559(100) and 569(94) cm~! assigned to
the factor-group-split Xe-F stretch. 1’C enrichment (99.2%)
confirms the assignment of v(C=N) (isotopic shift, 31.6 cm-1)
and the split, doubly degenerate bend 6(C=N--Xe) at 327(4),
334(2) cm—! {isotopic shift, 5.5 cm~!; also ¢f. the M=C-I bend
in ICN at 304 cm~1).4 A low-frequency shoulder on v; of the
anion at 368 cm—1 was tentztiveiy assigned to the Xe-~N suretch
(cf. v(Xe-N) of FXeN(SO,F); at 422 cm~")! and a vieak band
at 3141(4) cm-! was assigned to v(C -H) (¢f. the C-H

remaining features were assigned to the doubly degenerate
bends 8(F-Xe-N) [116(33), 133(10), 157(5), 180(2) cm~"] and
O(H-CzN) [706(1) ecm-1]. Prelirninary assignments of some
key frequencies for the CH;C=N-XeF + cation spectrum were
made by comparisun with those of CH;CzN® and
HC=N-XeF*: vy,,m(CHy), 3013(6), 3021(7), 3027(4) cm-#,
voyn(CHy), 2944(19), 2949(19) em=: v, (CHa). 2335(16)
e~ v(XeF), 559(100), 5.0(74), 571(33) em -'; O(F-Xe-N),
160(7), 170(6) em -1,

organic nitrogen bases are under active investigation ay
potential electron-pair donors towards noble pas-cations, s
well as representative X-ray crystal structures contdining the
RCaN-XeF* cations.
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operating grant.
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The Fluoro(hydrocyano)xenon(ll) Cation; Preparation of HC=N-XeF'AsFq; a Multinuclear

Magnetic Resonance and Raman Spectroscopic Study
Adel A.A. Emara and Gary J. Schrobilgen’

Abstract

The XeF" or Xe,F," cations react with HC=N in anhydrous HF solvent to give the Lewis
acid-base adduct cation, HC=N-XeF*. The HC=N-XeF* cation has been characterized in HF and
BrF; solvents by '*Xe, "F, "N, "C and 'H NMR spectroscopy and has been characterized as
its AsF, salt in the solid state by low-temperature Raman spectroscopy. The scalar. couplings,
('Xe-"N), YJ('*Xe-"'C) and *J('*Xe-"H), represent the first examples of couplings observed
between these nuclides. The vibrational assignments of the v(Xe-N) stretching and 8(XeNC)
O(FXeN) bending modes have been aided by obtaining Raman spectra for natural abundance '*N-
and ''C-enriched HC=N-XeF* AsF,". The solution NMR and low-temperature Raman spectroscopic
studies are consistent with a linear C_, structure for the HC=N-XeF" cation. The vibrational data
together with the NMR L;hemicul shifts indicate that the Xe-N bond is weakly covalent and are
in agreement with recent theoretical calculations. NMR spectroscopic studies also show that
solutions of HC=N-XeF'AsF, in HF are extensively solvolyzed to give equilibrium

concentrations of the HC=NH"* cation and XeF,.
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INTRODUCTION

While many examples of xenon bonded to oxygen or fluorine and of xenon bonded to
other highly electronegative inorganic ligands through oxygen were synthesized immediately
following the discovery of noble-gas reactivity,! over a decade had elapsed before an example
with a ligating atomi other than oxygen and fluorine, namely nitrogen, was synthesized® and two
decades before the Xe-N bond in FXeN(SO,F), was definitively characterized in the solid state
by X-ray crystallography and in solution by multinuclear magnetic resonance spectroscopy.' Other
imidodisulfurylfluoride xenon-nitrogen bonded species have since been definitively characterized
using  primarily NMR  spectroscopy, namely, Xe[N(SO,F)l,** F[XeN(SO,F),l,"**
XeN(SO,F),*AsF, " and XeN(SO,F);*Sb,F,, " and the latter salt has also been characterized by
single crystal X-ray diffraction. The compound, Xe[N(SO,CF,),],, ’ has _also been prepared and
characterized, and is the most thermally stable of the imido derivatives of xenon.

Recently, u significant extension of noble-gas chemistry, and in particular compounds
containing noble-gas nitrogen bonds, has been achieved by taking advantage of the Lewis acid
properties of noble-gas cations.” In view of the propensity of the XeF* cation to form strong
fluorine bridges to counter anions in the solid state,” the XeF* cation may be regarded as having
a significant Lewis acid strength. Based on photoionization studies, HC=N is one of the most
oxidatively r;sistunt ligands among the perfluoropyridines and nitriles we have investigated thus
far (first adiabatic ionization potential, 13.59 eV'"). The estimated electron affinity of XeF* (10.9
eV)' suggested that HC=N would be resistant to oxidative attack by the XeF* cation and that the

HO=N-Xeb cation might have  sufficient thermal stability to permit its spectroscopic



characterization in solution and in the solid state. The reaction of XeF" with HC=N und the
subsequent isolation and characterization of HC=N-XeF*AsF,” have been reported in our previous
communication.'” We subsequently reported that a large number of oxidatively resistant Lewis
nitrogen bases can interact with XeF* to form Lewis acid-base cations with XeF". Included
among these bases are alkyl nitriles and pentfluorophenylnitrile,'* perfluoroalkyl nitriles,"
perfluoropyridines" and s-trifluorotriazine.'* The present paper provides a detailed account of the
synthesis and structural characterization of the HC=N-XeF" cation by low-temperature Raman
spectroscopy in the solid state and in solution by 'H, "C, "*"*N, "F and '*’Xe NMR spectroscopy.
More recently the krypton(ll) analog, HC=N-KrF* '* and R.CaN-KrF" (R = CF,, C;F;, n-C;F)""
have also been synthesized and characterized in this laboratory, representing the first examples
of krypton-nitrogen bonds.

The present paper and previous communications outlining the syntheses of HC=N-
XeFAsF, '* and HC=N-KrF*AsF, '* have been complemented by a recent theoretical
investigation of HC=N-NgF" (Ng = Kr, Xe) at the SCF level by determination of the properties

of the atoms and bonds in these molecules using the theory of atoms in molecules.'

RESULTS AND DISCUSSION

The reactions of XeF'AsF, and Xe,F,"AsF, with HC=N were carried out according to
equations (1) and (2) by combining stoichiometric ameunts of the reactants in anhydrous HF and

warming to -20 to -10 °C to effect reaction und dissolution.
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XeF'AsF + HCaEN ~—————> HC=N-XeF'AsF, (1)

Xe,Fi'AsF, + HCaN —— > HC=N-XeF'AsF, + XeF, (2)

The compound, HC=N-XeF*AsF,, was isolated as a colorless microcrystalline solid upon removal
of HF sclvent under vacuum at -30 °C and was stable for up to 6 hrs. at O °C. After HF removai
at -30 °C following reaction (2), XeF, was observed in the Rarnan spectrum of the solid sammple
prior to pumping off XeF, at 0 “C ( v(Z,%), 495 cm'). Solutions uf HC=N-XeF"AsF, in HF at
ambient temperature slowly decompose over a period of 14 hrs, The solvolytic behavior of
HCEN-XeF*AsF;' in anhydrous HF at room temperature has been compared with that of HC=N
in the accompanying paper.'” The reactions weic also conducted in SO,CIF solvent at 0 °C, but
owing to the low solubility of the reactants and praduct in this solvent, the reactions did not go

to completion.'

NMR Spectroscopy

Structure of the HC=N-XeF" Cation_in_Solution. Every element in the HC=N-XeF* cation

possesses at least one nuclide which is suitable for observation by NMR spectroscopy, namely,
the spin-% nuclei 'H, "*C, "N, '*Xe and “F, and the spin-1 nucleus ""N. Multinuclear magnetic
resonance spectra were recorded for HC=N-XeF"AsF, in HF and BrF, solvents for all six nuclei

using natural abundance and "'C and "N enriched compounds. All possible nuclear spin-spin

couplings have been observed (Structure 1 and Table 1), establishing the solution structure of the




HC=N-XeF" cation. In the course of the present NMR study, the couplings, (Xe-HN),
J(**Xe-""C) and J)('*’Xe-'H) were observed, representing the first examples of scalar couplings

between these nuclides.

S
1H-13C=1415N- 129X o 19F

I L]

Structure |

In prior studies of the imidodisulfurylfluoride derivatives of xenon(ll), the low symimetry
and resulting large electric field gradient (efg) at the *N nucleus in the trigonal planar -N(SO,F).
group necessitated "N enrichment in order to observe xenon-nitrogen scalar couplings and
nitrogen chemical shifts in FXeN(SO,F),," XeN(SO,F),*," Xe[N(SO;F),], * and F{XeN(SO,F),],*
® cations in SbF., BrF; and SO,CIF solvents. In contrast. tue axial symmetry of the HC=N-XeF*
cation and resulting low efg at the *N nucleus, low viscosity of the HF solvent at -10 °C and
small quadrupole moment of N serve to minimize quadrupole relaxation of the '*Xe-"*N and
“N-"*C counlings (see Nature of Bonding in HC=N-XeF"), allowing ready observation of the
directly bonded '*Xe-"N and ""N-"'C scalar couplings. However, in the higher viscosity solvent,

BrF; (-58 °C), the '*Xe-"N and “N-''C couplings are quadrupole collapsed into single lines.

Because they are generally obscured owing to quadrupolar relaxation caused by the *'IN nucieus,




PN enrichiment was required for the observation of scalar couplings between 11iﬁ'0;_1¢|1 and non-
directly bonded nuclet when the magnitudes of the couplings were small.

Th= "*Xe NMR spectrum of natural abundance HC=N-XeF* consists of a doublet arising
from 'J('*Xe-"F) in tie Xe(il) region of the spectrum and is centered at -1570 ppm in BrF,
solvent at -50 °C; 'J(**Xe-""F), 6176 Hz. The doublet ('J('**Xe-'""F), 6161 Hz) is centered at -
1552 ppm in HF at -10 °C and each doublet branch is further split into partially quadrupole
collupsed 1:1:1 wriplets arising from the one-bond scaiar coupling 'J('*'Xe-"Nj, 332 Hz. The
magnitude of 'J('*Xe-""F) is comparable to directly bonded '**Xe-""F couplings of other xenon(ll)
compounds.'®* Failure to observe 'J('*Xe-"*N) in BrF; at -50 °C is attributed to the increased
viscosity of BrF relative to HF, leading to 4 longer molecular correlation time in the former
solvent and quadrupole collapse of the '**Xe-"*N scalar coupling. Carbon-13 enrichment (99.2%)
led to further splitting into a doublet (84 Hz) on euch peuk in the '“/Xe NMR spcct.runi, and is
assigned to *J('*’Xe-''C), representing the first reported example of a scalar coupling between ''C
and '’Xe (Figure la).

Nitrogen-15 enrichment (99.5%) of the HC=N-XeF" cation was necessary because “J(*N-
'H) and “J("’F-"*N) could noi be observed in natural abundunce HC=N-XeF*AsF,". In addition to
observing *J(*N-'H) and *J(""F-"*N) in their respective "F, "N and 'H NMR spectra (vide infra),
a well resolved doublet of doublets on each doublet ('J('*’Xe-""F)) branch in the '’Xe NMK
spectrum of the "*N-enriched cation was observed in both HF (-10 °C) and BrF; (-50 °C) solvents
(Figure 1b). The fine structure is assigned to 'J('¥Xe-'"*N) (471 Hz in HF; 483 Hz in BrF,) and
J("**Xe-"H) (4.7 Hz in HF; 26.8 Hz in BrF,); the '“’Xe-'H coupling was confirmed by a 'H

bread band decoupling experiment in the '**Xe spectrum. Because of the smaller size of 'J('*Xe-
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'H). yuadrupolar line broudening by "N precludes observation of the latter coupling in the '¥Xe
NMR spectrum of the natural aubundance cation. The magnitudes of 1("*Xe-"N) in the absence
of quadrupole relaxation have been calculated for comparison with their observed values in HF
solvent from the measured values of 'J('**Xe-'*N) using equation (3): 334 Hz (BrF; solvent at -50
°C) and 336 Hz (HF solvent at -10 °C; cf., 332 Hz, measured value) and show the effect of
residual quadrupolar relaxation on the measurement of 'J(**’Xe-"N) is negligible.

v("*N)

(' Xe-UN) = U Xe "Ny ——— 3

v'°N)

The “F NMR spectra for natural abundance and 99.2% ''C-enriched HC=N-XeF AsF,
in HF solvent at -10 °C and for 99.5% “N-enriched HC=N-XeF*AsF, in BrF; solvent at -50 °C
(Figure 2) consist of single "’F environments with accompanying satellites that are attnibuted to
J(**Xe-'"F). Under high resolution and in the absence of quadrupolar line broadening arising
from “N, *J(""F-'H), 2.6 (HF), 2.7 (BrE,); J(""F-"'C), 24.7 (HF), 26.8 (BrF,) and J(F-"N), 239
Hz were observed in the N enriched compounds (Table 1). A broad, saddle-shaped feature
(3150 Hz linewidth) also occurs at -68 ppm in these spectra and arises from the partially
quadrupole collapsed "J("As-""F) coupling in the AsF, anion.

The “N and "N NMR spectra have been recorded for natural abundance aud 99.5% ""N-
enriched HC=N-XeF*AsF,’, respectively. The "N NMR spectrum recorded in HF solvent at -10
oC consisied of « single line at -235.1 ppm with '¥Xe satellites (‘J('Xe-"*N)). The "N NMR
spectrum of a 99.5% enriched sumple was also recorded under the same conditions in HF at -10

°C (-234.5 ppm) and in BrEF, at -50 °C (-230.2 ppm) (Figure 3). The splitting pattern in the "N
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spectrum consisted of a doublet of doublets arising from 3J('*N-""F), 23.9 (HF, BrF) and *J(**N-
'H), 13.0 Hz (BrF,) (also observed in the 'H and ""F NMR spectra) and were accompanied by
¥Xe satellites ('J('*Xe-"N)).

The 'H NMR resonance of natural abundance HC=N-XeF*AsF, in BrF; solvent at -58 °C
occurred at 6.01 ppm and consisted of a doublet with '*Xe satellites, *J('*Xe-'H), 2.7 Hz. The
doublet is assigned to *J(""F-'H), but the two-bond ""N-'H coupling was not observed due to
guadrupole relaxation by “N. However, *J(""F-'H) and *J("*N-'H) were both observed in the 'H
NMR spectrum for a 99.5% "N enriched samplz in BrF, solvent at -50 °C (Figure 4). The 'H
resonance in HF at -10 °C has also been observed for a natural abundance saumple and consisted
of a single line at 4.70 ppin with '“Xe satellites ('J('**Xe-'H)).

The "'C NMR esonuance of HC=N-XeF* (Figure 5) for 2 99.2% "C enriched sampie in
HF solvent at -10 °C occurred a% 104.1 ppm and consisted of a doublet ('J("'C-'H)) of partially
quadrupole collapsed 1:1:1 tripicts ("J(N-""C), 22 Hz) with '*Xe satellites CJ('*Xe-""C})) on each
doublet branch.

Intense signals assigned to the HC=NH* cation were also observed in the 'H and "'C
NMR  spectra and are attributed to equilibrium (4). The relative concentrations
[HC=NH'|/|HC=N-XeF' | measured in the '"H NMR spectrun: - © :a HF solution having an initial
[HC=N-XeF'AsF,| of 2.18 M at -10 °C was 4 : 1. The proten chemical shift, 8('H), 7.43 ppm
and *J("*N-'H), 18.6 Hz for the proton on carbon of a “N-enriched sample are in excellent
agreement with the previously reported values for HC=NH" in the FSO,H-SbF,-SO, solvent

system *' In contrast to the previous work in FSO;H-SbF.-SO,, the proton on nitrogen

environment and 'J('*'"N-"H) were not observed, and is presumably the result of proton exchange




with HF solvent. Additional NMR purumet&s tor the HC=NH" cation are reported here for the
first time: 8("'C), 97.1 ppm; 'J("'C-'H), 324.6 ; "I("*C-“N), 40.7 and Y("'C-"N), 59.5 Hz,
however, neither the "N nor N spectra of the HC=NH" cation could be observed, even after a
relaxation delay of 30 s was applied in the '*N spectrum. A previous determination of 8('*N) in
| FSO,H-SbF.-SO, solvent by the INDOR method gave a value of 119.4 ppm relative to external
aqueous NH,* *' (chemical shift relative to neat external CH;NO, is -24(0.3 ppm calculated from
a 8("*N) value of -359.7 ppm for aqueous NH,*CI' relative to CH,NO, *).
Although significant equilibrium amounts of HC=NH* are observed in the ''C and ‘H
NMR spectra, XeF, is not observed in the "F and '“’Xe NMR spectra even in the presence of a
an equimolu‘r amount of XeF, as in reaction (2). The apparent absence of XeF, in the NMR
spectra is presumed to 1esuli from chemical exchange involving trace amounts of XeF' and

Xe,F." as exchange intermediates arising from equilibria (4) - (7) and XeF,.

HC=N-XeF* + HF =——=—= HC=NH" + XeF, 4)
HC=N-XeF" HC=N + XeF' (5)
XeF" + 2HF =—== XeF, + H,F’ (6)
XeF" + XeF, =====- Xe,F' )

The '“’Xe NMR spectra of HC=N-XeF* AsF,” and CH,C=N-XeF*AsF, in HF at -10 °C have been
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reported previously's and clcurl'y show that the '“'Xe linewidth of HC=!' XeF'AsF, (84 Hz,
center line of the triplet) compared to that of CH,C=N-XeF AsE, (40 Hz, ceater line of the
triplet) is significantly larger. This observation is consistent with the anticipated lower base
strength of HC=N towards XeF" relative to that of CH,C=N, resulting in a greater degree of
dissociation for HC=N-XeF" (equilibrium (3)) and ensuing chemical exchange by means of
equilibria (4), (6) and (7).

In the course of this study it has also been shown that XeF. displaces HF in its reaciion
with HC=NH*AsF, in HF or BrE; solveats according to the reverse of equilibrium (4). The '*'Xe
NMR spectrum was recorded for the molar ratio XeF,/HC=NKASE, = 247 at -15 "C in HF
solvent (initial {XeF,| = .230 M), and gave the relative equilibrium concentrations
(XeF,|/[HC=N-XeF'| = 0.8 1. While the XeF, 1:2:1 wriplet (-1555 ppm: 'J('“*Xe-""F), 5530 Hz)
could be observed under these conditio-ns, it was significantly exchange broadened (linewidth,
2590 Hz) relative to that of HC=N-XeF* (-1555 ppm: 'J('*¥"Xe-"F), 6156 Hz; 'J(**Xe-"N), 330
Hz; lnewidth, 110 Hz), indicating that XeF, was undergoing slow chemical exchange,
presumnably via equilibria (5) - (7). Because HC=N-Xel*AsF," has a low solubility in HF at
temperatures upproachiﬁg -30 "C, an equilibrium mixture of HCENH"AsE," and XeF, was also
studied i BrF, solvent at -50 °C for the molar ratio XeF,/HC=NH'AsF, = 2.17, giving
[XeF,|/{HC=N-XeF"] = 0.72 at equilibrium (initial {XeF2] = 0.314 M). In contrast, the XeF,
triplet (-1666 ppm; 'J('®Xe-"F), 5629 Hz) was significantly sharper (linewidth, 250 Hz), which |
is consistent with a lower degree of dissociation of HC=N-XeF" according to equilibrium (5) (-
1573 ppm (77Ke-"NG was quadrupele collapsed at low temperatures in BrF.: linewidth, 470

Hz).




Raman Spectroscopy. The low-temperature (-1¢ °C) Raman spectra of the crystalline product,

isolated from the reaction of natural abundance, “N- and "'C-enriched HC=N with XeF*AsF, in
anhydrous HF solvent are shown in Figures 6 and 7 and the observed frequencies, along with
their assignments, are listed in Table 2. The "'C (99.2%) and “*N (99.5%) enriched saits were
prepared in order to aid in the assignments of the v(XeN) stretching and S(HC=N), 8(CNXe) and
S(NXeF) bending frequencies. The isotopic shifts are given by the ratios AA(""N)/A("*N) and
ALY CYACEC), as described in reference (24) and are defined and listed in Table 2.

The Raman spectra are consistent with the {ormation of HC=N-XeF AsF, in the solid
state. The linear HC=N-XeF* cation is expected to give rise to 3N - 5 = 10 normal modes
belonging to the irreducible representations 4 X" + 3 I1 under the point symmeuny C_,. All ten
modes are predicted to be Raman and infrared active, and consist of fouwr >ueiching mudes,
VUED), Vv(H-C): vo(ZY), v(C-N); vi(E"), v(Xe-F) and v (X7, v(Xe-N) and three doubly degenerate
bending modes v4(IT), S(HCN); v (I}, 8(CNXe) and v,(I1), O(NXeF). Therefore, seven bands are
expected in the Raman and infrared spectra of the HC=N-XeF" cation. In addition, the octahedral
AsF, anion is expected to give rise to three Raman-active vibrational bands under O, symmetry,
Vila,, ), va(e,) and vq(t,,). However, 28 bands as opposed to the predicted 13 from a consideration
of free ion symmetries are observed in the Raman spectrum of HC=N-XeF AsF, (Table 2). The
disparity between the number of observed bands and the number predicted from a consideration
of the free species is attributed to vibrational coupling within the unit cell and/or reduction of the
free ion symmetries due to site symuneury effects. The removal of all degeneracies by lowering
of the cation and anion site symmetries to C,, or lower would result in 25 Raman-active bands,

however, in the absence of a crystallographic space group for HC=N-XeF AsF,, it has not been
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possible in the ensuing di.sL‘umxioﬂ to determine their site symmetries and thereby account tor the
additional splittings and assign their symmetry species in a rigorous manner.

Vibrational assignments were aided by compearison with the vibrational frequencies of
HC=N," FXe-N(SO;F),," XeF'AsF, " Xe,F,"AsF, *“ and M'AsF,," where M is an alkali metal
and by recent theoretical calculations of the harmonic frequencies of the HC=N-KrF* cation.”
The three fundamentat stretching modes v(Xe-F), v(C-N) and v(C-H) are readily assigned by
comparison with the Raman spectra of HC=N in the gas phase and XeF AsF,", which are alsc
histed in Table 2. As the Xe-IF and C-N stretching modes belong to the totally sytumetric
representation, 2°, their splittings can only be attributed to coupling of vibrational modes within
the unit cell. The C-H stretching mode 1s also presumed to be factor-group split, but owing to
ity broadness, the anticipated splitting could not be 1esolved.

The most intense bands at 561 (100) ard 569(93) cm ' are assigned to the Xe-F stretching
frequency of the HC=N-Xelb" cation and is characteristic of the terminal Xe-F bond in xenon(ll)
species of the type L-Xe-F (s¢e Table 3). The Xe-F suretching frequency can be used to assess
the covalent n ture of the Xe-F bond. The XeF" cation has been shown to be weakly coordinated
to the anion by means ot a fluorine bridge, and the Xe-IF sticich has been shown to correlate with
the degree ot covalent chavacter in the Xe---F bridge bond, decreasing with increasing base
strength of the anion.” Conscyuently, the Xe-F stretching frequency is expected to increase as the
xenon-nitrogen bond becomes more ionic and the terminal XeF bond be v nes more covalent. A
comparison ¢f the Xe-F stretching frequency of HC=N-XeF™ with other se-N bonded species,
Xelt and Xe,F' allows one o assess the relative covalency of the Xe-N bond in the HC=N-XcF

cation, The stretching 1requencies of the terminal XelF bond for F-Xe-L type desivatives are listed




in Table 3 along with their Xe-F and Xe-L bond lengths when known. The HC=N-XceF* cation
has the most ionic xenon-nitrogen bond when compared to previously reported Xe-N bonded
compounds for which vibrational data are « "4ilable and is also in accord with our NMR findings
(see above and Table 3) and theoretical calculations at the SCF level (sec Nature of the Bonding
in HC=N-XeF"). The latter calculations show that the reaction. of the gas phase XeF* ion with
F to yield the difluoride results in an increase in the calculated Xe-F bond length of 0.1 A, while
the reaction of XeF" with HC=N causes the same bond length (calculated) to increase on average
by only 0.016 A" Similar conclusions have been reached based on the high-frequency position
of the Kr-F stretching frequency of HC=N-KrF*AsF, " und theoretical calculations for the
HC=N-KrF* cation."*""

The v,(Z") C-H stretching vibration is assigned to a broad, weak band at 3142(2) cm™' and
occurs at a significantly lower frequency than in gaseous HC=N, ie., 3311 ¢cm',* and is
consistent with coordination of the nitrogen lone pair to an electron pair acceptor. Two sharp -
lines at 2160(41) and 2162(18) ¢m™* are assigned to the factor-group split v(Z*) C=N stretching
mode and occur 63 cm™ to higher frequency than the C=N stretch of gaseous HC=N. The shift
o higher frequency upon coordination o XeF" is consisient witih cotion formation and with
HC=N acting as 4 o-electron pair donor to XeF'. The C-H and C=N suetching frequencies also
exhibit the expected sensitivities to ' and "N substitution (Table 2). The calcuiated changes
in C-H and C=N bond lengths parailel the observed shifts in the stretching frequencies in the
HC=N-XeF AsF, salt (see Nature of the Bonding in HC=N-XeF").'

The assigniments of the low-frequency cation bands arising from v{Xe-N), O(CNXe) and

S(FXeN) were aided by "M and "'C isotopic enrichment. ‘The relative order of the corresponding




calculated frequencies for HC=N-Kri /"

which are uniformly lower than in the xenon analog,
are consistent with the order arrived at for HC=N-KrF', i.e., v(Xe-N) > S(CNXe) > 8(FXeN).
The v(X") Xe-N stretching vibration of the HC=N-XcF' cation is assigned to the weak,
low-frequency lines 328(4) and 335(2) cm'' where the splitting is again attributed to vibrational
coupling within the crystailographic unit cell. The assignment of the Xe-N stretch has been
confirmed using "*N and ''C enrichment and results in relative shitts A" 'NYACN), -0.027 and
-0.024, for the two bands in the spectrum of {"N|HC=N-Xel Ask,, and AL CYALC), -0.030
and -0.024 for |"'CIHC=N-XeF AsE, (Figure 7). The similarity between the "N/UNand VC/'C
ivotopic shifts s expected from g consideration of the form of the nonnal coordinawe
corresponding 1o vy(X7). In the case of a heuvy atom like Xe, the N and C displacements are
expected to essenttaily equai to one anvther and in the sume but opposite sense to the small Xe
displacement (¢f. the actual form of the dis, lacements in the normal coordinate corresponding
to V(¥X'), the C-X stretch in XCzN, where X = Cl, Broor 1), The Xe-N trequency of the
HC=N-XeF' AsF, salt oceurs at lower frequency than those of FXeN(SO,19), (422 cm'’y’ and

Xe| NSO, (386 - 413 cm '), This is atributed to the greater covalent character of the Xe-N

L v3 "

'
[oF By

bonds in the imidodisulturyltluonide derivatives, whereas the Xe-N obond ot die iif =N-
cation iy amonyg the most ionic Xe-N bonded spucies presently known (the Xe-N boads in n-
CFCaN-KeF | CFCaN-Xel" and CFCaN-Xel* appear to be weaker based on a comparison
of their '’Xe and "F chemical shifts, however, the vibrational spectra of these cations have not
been recorded’). This is corroborated by the high-fiequency position of the Xe-1° strerch, which
is among the highest of any I-Xe-L type species known where L ois not bunded w the Xcb group

through fluorie,
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"The formally doubly degenerate bending mode v((IT), S(HCN) was not observed; this band
is very weak in the Ruman spectrum of gaseous HC=N.* Although the frequency of the weak
band at 7G7(2) is similar to S(HCN) of gaseous HC=N (712 ¢cm'"), it was found to be insensitive
to either "'C or "*N isotopic substitution and was accordingly assigned to an anion mode (vide
infra). The assignments of the remaining doubly degenerate bending modes have been made with
the aid of their relative '*C/"*C and "N/"*N isotopic shift data. The presence of more than a single
band for the S(CNXe) and d(FXeN) bending modes is ascribed to factor-group splitting and/or
removal of the degeneracy by u cation site symmetry lower than C,,.

The bending mode. v, (1), 3(CNXe) is assigned to lines at 271(6), and 281(14) ¢cm™" and
exhibits the anticipated low-frequency shifts in the Raman spectra of [''CJHC=N-XeFAsF, and
|'*NIHC=N-XeF*AsF,, i.e.. AM(YUN)/A(BN), -0.038 and -0.032 and AA('¥"*C)/A(**C), -0.005 and
-0.008 (Figure 7). The "N/"°N dependence is large, and is in fact similar to v,(Z*), the Xe-N
stretching mode. The displacement of nitrogen from the molecular axis is expected to be large
when bonded to a heavy atom while that of carbon is expected to be considerably less than the
nitrogen displacement and in the opposite sense (cf. displacements for the normal modes in
XC=N*). The relatively small *C/"'C isotopic dependence for this mode is also supported by this
qualitative description and is consistent with a smaller carbon displacement.

The bending mode v,(IT), d(FXeN) is expected at lower frequencies than & CNXe), and
is assigned to the moderately intense bands at 118(20) and 135(10), 158(6) and 181(3) cm by
comparison with XeF*AsF, ** and Xe,F,*AsF,,* where 8(FXe---F) are 155 (average) and 161

1

cm’! (average), respectively, and FXe-N(SO,F),," where 8(FXeN) is 200 ¢m' (average). The

FXeN bhend of HC=N-XeF" is expected to be significantly lower than that of FXe-N(SO,F)..
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These modes also exhibit "N/UN and “C/''C isotopic dependences (Tuble 2 and Figure 7):
however, no simple explanation for the relative magnitudes of each shift for each component of
this doubly degenerate bend is presently available.

Although the AsF, anion is not expected to be fluorine bridged to the HC=N-XeF" cation,
the AsF, anion exhibits 14 bunds compared to the three Raman-active bands that are expected
under O, symimetry. Because the totally symmetric mode of AsF,, v,(a,,). is not split, additional
Raman-active bands are largely attributed to site symmetry lowering (15 Raman-active bands are
expected for a site symmetry of C,, or lower), although vibrational coupling in the unit cell may
also contribute to the number of observed bunds. The modes have been assigned under C,
symmetry by analogy with XeF'AsF, (Table 2) in which the O, symmetry of the anion is
reduced to C, or lower symmetry by formation of a fluorine bridge to the anion. The vibrational
frequencies for AsF,” under O, symmetry have also been listed for comparison.

Lines occurring below 112 cm™' exhibit no measurable shifts upon '*C or '*N substitution

and have been assigned to lattice modes.

Nature of the Bonding in HC=N-XeF". Previous NMR studies of xenon(l1]) derivatives containing

XeF groups bonded to oxygen or fluorine have shown that the NMR parameters measured in the
“F and '"’Xe spectra can generally be used to assess relative covalent chaructérs of the Xe-O, Xe-
--F bridge und Xe-F terminal bonds."*’ In general, as the ionic character of the Xe-L (L = ligand
atom) bond increases, the covalent character of the terminal Xe-F bond increuases, increasing the

formal charge on xenon. These trends are paralleled by decreases in 3('*"Xe) and increuses in
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both 'J('*’Xe-"F) and 8(""F) for the terminal XeF group. Table 3 provides the 8('*’Xe) and 8("’F)
chemical shifts and 'J('*Xe-""F) for 1 number of xenon(ll) compounds containing terminal Xe-F
bonds for ¢cmparison with HC=N-XeF', showing that the Xe-F bond of HC=N-XeF" is second
only to R,.C=N-XeF" (R, = CF,, C,F;, n-C,F,;), Xe,F," and XeF" in covalent character. Excluding
fluorine bridgirng to xenon and the R,C=N-XeF" cations,'' the Xe-N bond of HC=N-XeF" is then
among the weakest xenon-ligand bonds observed thus far. The XeF* character of the XeF group
in HC=N-XeF" 1s supported by theoretical calculations of the efgs at the Xe nuciei in XeF™ and
HC=N-Xel='," which are found to differ by only 7%, in agreement with the experimental
observation that the quadrupolar splitting in the '®Xe Mossbauer spectra of HC=N-XeF" (40.2
0.3 mm s') is the sume, within experimental error, as that obtained for the salt XeF*AsF, (40.5
0.1 mmyhHY

The observation of a well resolved '*’Xe-"*N coupling in HF is the combined result of the
low viscosity of HF, the axial symmetry and accompanying low efg at the "N nucleus.™ The
axial symmetry of the cation results in an asymmetry parameter 1= ¢) so that the efg at the "N
nucleus is dominated by q,,. the efg component along the C_ axis of the cation. Consequently,
the effect of the efg vn quadiupolar relaxation of "N will only depend on g, and the molecular
correlation time, 7. Coordination of X¢F" to the nitrogen sp lone pair of HC=N is expected to
reduce q,, significantly in the adduct cation, leading to a longer spin lattice relaxation time
relative to the free base, further enhancing the possibility of observing 'J('*Xe-"*N) in the low
viscosity solvent, HF. The principal componznts of the efg tensor (+z is in the direc-tion H - N)
at the nitrogen nuclei in HC=N and HC=N-XeF" have been calculated and the corresponding

reduction in efg in going from HC=N to HC=N-XeF" is 48%, in accord with our observation of
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U Xe-"N) and J(UN-T'C) for HC=N-XeF* in HF solvent. The axial component of the efg
tensor at the nitrogen nucleus is also halved upor v..¢ formation of HC=N-KrF".

The difference in the magnitudes of the reduc 21 coupling constants 'K(Xe-N) in HC=N-
XeF (1.389 x 107 NA*m") and FXeN(SO,F), (0.949 x 10%* NA?m™)*** may be discussed using
a previous assessment of the nature of bonding to xenon in solution for FXeN(SO,F),. The Xe-N
bond df FXeN(3O,F), is regarded as a 6-bond having sp* hybrid character. In high-resolution
NMR spectroscopy  spin-spin coupiing involving heavy nuclides is generally dominated by the
Fermi contact mechanism.” For Xe-N spin-spin couplings dominated by the Fermi contact
mechanism, one-bond coupling constants can be discussed on the basis of the formalism
developed by Pople and Santry.** In discussions of xenon-nitrogen scalar couplings in xenon(il)
imidodisuifurylfluoriiec compounds,* the s-electron density at the xenon nucleus was assumed
constant and a change in the hybridization at nitrogen accounted for chang;s in xenon-nitrogen
spin-spin coupling. The dependence of xenon-nitrogen spin-spin coupling on nitrogen s-character
in the xenon-nitrogen bond may also be invoked to account for the substantially larger 'K(Xe-Nj
value observed for HC=N-XeF" than for xenon bonded to the trigonal planar nitrogen in
FXeN(SO,F),. A comparison of 'K(Xe-N) for HC=N-Xel* with that of the trigonal planai sp
hybridized nitrogen atom in FXeN(SO,F), allows assessment of the relative degrees of
hybridizution of the nitrogen orbitals used in ¢-bonding to xenon. The ratio, ['K(Xe-N)Sp]/['K(Xe-
N),,2] = 1.40, for the HC=N-XeF* cation and FXeN(SO,F), is in excellent agreement with the
theoretical ratio, 1.50, calculated from the predicted fractional .‘-churuéters of the fortnally sp-

and sp*-hybridized nitrogen orbitals used in bonding to xenon in these compounds.

The Xe-N bond of the HC=N-XcF* cation may be thought of as a classical Lewis acid-




base donor acceptor bond. Implicit in this description of the Xe-N bond is a considerable degree
of ionic character, which appeurs to be a dominant feature of the stability of the HC=N-XeF"
cation. This premise has been supporied and further illuminated by theoretical calculations on the
HC=N-NgF* cations.'“*"" The ability of NgF' (Ng = Kr, Xe) cations to act as Lewis acids was
shown to be related to the presence of holes in the valence shell charge concentrations of the Ng
atoms that expose their cores.'” The mechanism of formation of the Ng-N bonds in the adducts
of Ngb* with HC=N iy similar to the forination ot a hydrogen bond, 1.e., the mutual penetration
of the outer diffuse nonbonded densities of the Ng and N atoms 15 facilitated by their dipolar and
quadrupolar polarizations, which remove density along their axis of approach, to yield a final
density in the interutomic surface that is only slightly gréuter than the sum of the unperturbed
densities. Thus, not surprisingly, the KrF™ and XeF* cations are best described as hard acids,
which form weak covalent Ng-N adduct bonds as -already noted in the context of the present
NMRK and Raman spectroscopic studies. The energies of formation of these adducts are dominated
by the large stabilizations of the Ng atoms that result from the increase in the concentration of
charge in their inner quantum shells. The Ng-N bonds that result from the interaction of the
closed-shell reactants NgF* and HC=N actually lie closer to the closed shell limit than do bonds
formed in the reaction of NgF" with F. The calculated gas phase energies of the reactions
between the closed-shell species are -32.5 and -34.5 kcal mol' for Ng = Kr and Xe,"

respectively, for

NgF  + H(=N -—————> HC=N-NgF* (8)




and -209.0 and -211.9 kcal mol” for
NgF* + B ——— > E-Ng-F )

The reaction of the gus phuse NgF* ions with I© to yield the difluorides results in increases in
the calculated Ng-F bond lengths of 0.1 A, while their reaction with HC=N causes the same bond
lengths (calculated) to increase on average by only 0.016 A" The C-N bond of HC=N is
calculated to shorten by ~0.005 A on forming b2 adduct, while the C-H bond is calculated to
lengthen by 0.008 A" These predicted changes in bond length also correlate with the observed
shifts in their corresponding stretching freque.ncies, v(C=N), increasing by 63 ecm' and v(C-H)
decreasing by 169 cin’' for HCzN-XcF*,

A simple valence bond description may. also be used to satisfuctorily account for
qualitative trends in bond lengths and associated spectroscopic parameters. The bonding in X¢F,
and HC=N-XeF" may be represented by valence bond Structures 11-VIL, where Structures IV and
VII are the least important contributing structures. The XeF, molecule has a formal bond order
of % and the Xe-F bond of HC=N-Xe¢F' has a formal bond order of ¥ < bo. < 1; bo. = 1 i
approached only in the most weakly coordinated case of FXe'---F-Sb,F,,".

F-Xe' F «— F'Xe-F «<— F Xe" F

1l 1 v

HC=N-Xe** F «— HC=N *Xe-F «<— HC=N Xe* F

v Vi Vi




Unlike valence bond Structures 1 and Il of XeF, the analogous structures for HC=N-XeF",
namely, Structures V and VI, do not have equal weighting owing to the large build up of formal
positive charge on the Xe atom of Struccure V, consequently, Structure VI dominates, resuliing

in an Xe-F bond having considerable covalent (XeF") character and a weak covalent Xe-N bond.

EXPERIMENTAL SECTION

Apparatus and Materials. All manipulations involving air-sensitive matertals were carried out
under anthydrous conditions on vacuum lines or in.a dry box. Bromine pentafluoride and
Hydrogen fluoride were transferred on vacuum lines constructed largely from 316 stainless steel
and nickel. Glass vacuum lines equipped with glass/Teflon grease-free stopcocks (J. Young) were
used for the transfer of dry HC=N and H''C=N,

Air-sensitive substances of low volatility and/or low thermal stability were transterred in
a dry box equipped with cryogenic wells. Dry box moisture levels were routinely maintained at
<0.1 ppm in a Vacuum Atmospheres Model DLX dry box.

Bromine pentafluoride (Ozark Mahoning Co.) was distilled into a %" Kel-F tube fitted
with a Kel-F valve containing dry .KF and purified by maintaining F, (2 atm.) above the liquid

for 5 to 7 days or until all the Br, and BrF, had reacted. The solvent was stored at room

temperature under 1 atm. ol F, unul used.




Anhydrous hydrogen tluoride (Harshaw Chemical Co.) was purified by ueatment with 5
atm. of F, gas in a nickel can for a period of at least | month, converting residual water to HF
and O, gas. After the specified time period, anhydrous HF was vacuum distilled into a dry Kel-F
storage vessel equipped with a Kel-F valve and stored at room temperature until used.

Hydrogen cyanide, HC=N und H''C=N, was prepared by dropwise addition of H,O to an
equimolar mixture of KC=N (British Drug Houses) or K"C=N (Merck) and P,O; (British Drug
Houses).” The HC=N/H''C=N pas evolved was condensed into a glass U-tube at -196 °C, and
finally vacuum distilled into a glass vessel for drying over P,O.. In a typical reaction, 10.00 g,
154 mmol, of KC=N (1.009% g, 15.272 mmol, of K"'C=N) was allowed to react to give 4.150
g of HC=N and (0.428 g of H"'C=N). The purities of the products were checked by recording
the 'H and "'C NMR spectra of the neat liguids.

The salts, XeF*AsF, and Xe,F,"AsF,” were prepared as previously described.™

HC=NXeF AsF,, |"NIHC=NXeF'AsE, and |"*CIHC=NXeF'AsF,.. The salt, HC=N-XeF AsF, .

was preparcd according o equations (1) and (2). In typical preparations, two equal poriions
totalling 0.452 mmol of anhydrous HC=N gus were condensed from a 54.41 mL bulb onto (1.1176
£ (0.347 mmol) of XeF'AsF, in 1.0 - 1.5 mL of HF solvent in a %" o.d. FEP tube outfitted with
a Kel-F valve and previously cooled to -196 °C. The ambient pressure of anhydrous HC=N gas
that was condensed wu;s 100 - 200 Torr to minimize dimer formation.*” After the additions were

complete, the mixture was warmed to -20 °C to effect dissolution and complete reaction. The

product, HC=N-XelF*AsF,, was only sparingly soluble in HF at -30 °C and by increasing the




temperature gradually to -10 °C, the product dissolved. Slow cooling of the solution to -35 "C
resulted i colorless needle-shaped crystals. The product was isolated by removal of HF solvent
and excess HC=N under vacuum at -30 °C. In the case of Xe,F'AsF,, twoe equal portions of
anhydrous HC=N totaling 1.365 mmol were condensed onto 0.4727 g (119285 mmol) of
Xe,FASF, in ca. 1.0 - 1.5 mL of anhydrous HF at -196 °C. The remainder of the procedure was
identical to that used in the XeF AsF,/HC=N reaction except the product was %)umped on for 6
hrs. at 0 °C o remove XeF..

Nitrogen-15 (99.5%) and carbon-13 enriched (99.2%) HC=N-XelF"AsF, were prepared
according to the equation (1). In typical preparations, anhydrous hyarngen flucride (1 mL) was
condensed at -196 °C onto 0.1124 g (1.700 mmol) of [“NJKC=N in a 9 mm FEP tbe fited with
a Kel-F valve. The sample was agitated until all the ["*"NJKC=N had dissolved. The resulting
[""NJHC=N was vacuum distilled, along with the HF solvent, onto 0.4631 ¢ (1.365 mmol) of
XeF*AsE, in an %" o.d. FEP reaction tube/Kel-F valve assembly, followed by warming to -10
°C. A colorless solution resulted, which was rapidly cooled to -4(0) °C, whereupon HF and excess
['"NJHC=N were removed under vacuum. In a typical preparation of ['C]HC=N-AeF"Asl,,
0.149% ¢ (2.266 mmol) of {'C]KC=N and ().5480 ¢ (1.630 mmol) of XeF AsF,” were used. The
procedure was then the same as for the preparation of |"NJHC=NXeF'AsE, .

After HF removal, Raman spectra were ¢gbtained by running the spectra directly on the
%" FEP reaction tube under 2 aum. (ambient temperature) of'dry N, gas. The “"N- and “C-
enriched samples were subsequently divided and transferred into 4 mm, 9 mr « (FEP) and/or 5

mm glass sample tubes for NMR spectroscopy. During transfers, sampies were maintained at low

0nro

temperature by placing the sampic tubes inside drilied copper Diocks pievivusly covled o -196




"Cin a cryogenic well inside the dry box. Natural abundance samples for NMR specuoscopy
were prepared by condensing & 30 - 35% molar excess of HC=N outo tie appropriate wmount
of XeF'AsF, or Xe,F,"AsF, in HF contained in the FEP NMR sample tube. In cases where the
exact stoichiometry was desired, the sample was isolated as described above and redissolved in
the appropriate solvent. Ail samples were dissolved at low temperature in either HF (-20 10 -10
") or BrF (-60 to -50 “C) and heat sealed off from their Kel-F valves and stored gt -196 "C until

their NMR spectra could be recorded.

Nuclear Magnetic Resonance Spectroscopy

All NMR spectra were recorded unlocked (field drift < 0.1 Hz h™') with the use of Bruker
AC-200 (4.6975 T) and WM-250 (5.8719 T) spectrometers.

Spectra were recorded on natural abundance, 99.2% ''C and 99.5% "N enriched samples
in heat sealed 9 mm o.d. or 4 mm o.d. FEP NMR tubes (HF and BrF; solvents) or in 5 mm
precision Pyrex tubes (BrF; solvent; Wilmad Glass Co.) as described below. The FEF sampie
tubes were placed inside precision 10 mm od. or 5 mm o.d. glass NMR tubes before being
placed in the probe.

The ""Xe, "N, "N, and "’C spectra were recorded at 5.8719 T in 9 mm FEP sample tubes
(HF and BrF; solvent) on the same [0 mm probe (broud-bunded over the frequency runge 23 -
103 MHz) tuned to 69.563 (*“*Xe), 18.075 (**N), 25?347 ("N) or 62.915 (“C) MHz, respectively.
Fluorine-19 spectra (235.361 MHz) were obtained on a 5 mm dual 'H/"F probe. Proton spectra

(200.133 MHz) were recorded at 4.6575 T in HF solvent in 4 mm FEP sample tubes and in BrF;

solvent in medium or thin wall 5 mm o.d. precision glass sample tubes.
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Xenon-129 NMR spectra of natural abundance HC=N-XeF AsE, sumples were recorded
for spectral widths of 25 and 100 kHz with acquisition times of 0.164 and 0.082 s (17,000 and
50,000 scans), respectively, and a data point resolution of 6.10 Hz/pt. The '"Xe NMR spectra
of PC- and “N-enriched samples were recorded for spectrul widths of 50 anc 25 kHz (50.000
and 1200 - 2500 scans), respectively, with acquisition times of 0.328 and 0.655 s and data point
resolutions of 3.05 and 1.53 Hz/pt., respectively. Fluorine-19 NMR spectra were recorded for
spectral widths of 50 and 100 kHz with acquisition times of ().082 and 0.164 s and data point
resolutions of 3.05 and 6.10 Hz/pt. (4500 and 7500 scans), respeciivcly. Nitrogen-15 und -14
NMR spectia were recorded for spectral widths of 25 and 10 kHz with acquisition times of 0.655
and 0.410 s and data point resolutions of 1.53 and 2.44 Hz/pt. (1400 and 26,000 scans),
respectively. Carbon-13 NMR spectra werc recorded for a spectral width of 15 kHz with an
avquisition time of (1.541 s and data point resolution of 1.85 Hz/pt. (3000 scans). Proton spectra
were recorded for spectral widths of 800 Hz and 3 kHz with acquisition times of 5.12 and 2.80
s and data point resolutions of 0.098 and 0.357 Hz/pt. (64 and 172 scans), respectively.
Pulse widths corresponding to bulk magnetization tip angles of ~90 " were 22 ('*Xe), 2
("F), 49 (®N), 35 ("N), 7 ("*C) and 0.5 ps ('H). No relaxation delays were applied except in the
case of '*N. where a relaxation delay of 10 s was applied. Line broadening parameters used in
exponential multiplication of the free induction decays were set equal to or less than their
respective data point resolutions. All line shape functions were Lorentzian with the exception of
the "H spectra and the '*Xe NMR spectrum of ["CJHC=N-XeF AsF,, in thesc cases Gaussian
line shapes w ore applied for resolution enhancement.

The respective nuclei were referenced externally to neat samples of XeOF, ('*Xe), CFCl,
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("F). CH,NO, ("N and “*N) and (CH,),Si (;’C and 'H) at 24 °C. Positive chemical shifts were
assigned to resonances occurring to high frequency of the reference substance.*

For variable temperature measurements, samples were kept cold (-196 or -78 °C) until
immediately prior to their placement in the probe. They were generally warmed only enough to
liquify and solubilize the contents and were then quickly placed in the precooled pfobe. Prior to
data accumulation, the tubes were allowed to equilibrate in the probe for periods of several
minutes while spinning. Temperatures were periodically checked by placing a copper constantan
thermocouple into the sampling region of the probe. Temberatures were considered to be accurate

to within £1 °C.

Raman Spectroscopy. A Coherent Model Innova 90 argon ion laser giving up to 3.5 W of power

at 5145 A was used to excite the Raman spectra. The spectrometer was a Spex Industries Model
14018 double monochromator equipped with 1800 grooves/mm holographic gratings. Slit widths
depended on the scattering efficiency of the sample, laser power, etc., and were set at 100 - 150
um. An RCA C31034 phototube detector in conjunction with a pulse count system consisting
of pulse amplifier, analyzer and rate meter (Hamner NA-11, NC-11, and N-780 A, respectively)
and a Texas Instruments Model FSOZWBA strip-chart recorder were used to record the spectra.
The scanning rates used were (0.2 and .5 cm's’". The typical power range used was between 0.7
and 1 W. The spectrometer was periodically calibrated by recording the discharge lines from an
argon lamp over the spectral range of interest; all the Raman shifts quoted are estimated to be
accurate to at least £2 cm’' while the precision of each Raman shift measurement is estimated

to be 0.2 ¢cm’',
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Cylindrical %" FEP sample tubes were mounted vertically. The angle between the incident
laser beum and sample tube was 45°, and Raman scattered radiation was observed at 45° to the
laser beam (90° to the sumple tube axis). Low-temperature spectra were refzorded at -196 °C by
mounting the sample vertically in an unsilvered Pyrex glass dewar filled with liquid nitrogen. All
spectra were obtained directly in %" FEP reaction vessels. The spectrum of the FEP sample tube
was nearly always observed, however, their prominence in the overall spectrum depended on the
efficiency of the sample as a Raman scatterer, and could be minimized by focusing the laser
beam on the sample surface. Lines arising from FEP have been subtracted out of the spectra

reported in the Tables but not in the Figures.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

-

Figure 7.

FIGURLE CAPTIONS

12X e NMR spectra (69.563 MHz) of HC=N-XeF' AsF, recorded in HIF solvent at
-10 °C (a) 99.2% "C enriched sample. (b) 99,5% "N enriched sample; expansion

(A) with praton coupling und expansion (B) {'t1)-decoupled.

MEONMR spectrum (235.361 MEz) of 99.5% "N-enriched HC=M-Xcl Asly,

recorded i Brle solvent at -50 “C. Asterisks (%) denote ' Xe satellites.

"N NMR spectrum (25.347 MHz) of HC2N-XeF Ask, for a 99.5% "“N-enriched

sample recorded in Brig solvent at -50 °C. Asterisks (*) denote "X¢ sateliies.

"H NMR specirum (200,133 MHz) of 99.5% '*N-enriched HC=N-Xcel Ask,;

)

recorded in Bris solvent at -56 °C. Astezishs (%) dencte "Xe satellites.

PCONMR spectruim (62915 Mible; of HCsN-XelfAst, for a 99.24% UC-cmiched

sample recorded in HE sufvent at -10 YC. Astesist « (%) denote P 7Xe sateltites.
[

Faunan specinen of notuvgl abundance HOsN-XeF Asl ) recorded at <196 °C

Asterishs () denote PEP sarpic tube des,

b2




Figuwe 7. Raman spectia of natural abundance, 99.2% M'C-enriched and 99.5% "N-cnriched
HO=N-Xeb' AsE, | recorded at =196 °C: (a) 3200 - 2100 ¢m ' region and (b) 400 -
100 cm' revion. Asterisks (*) denote FEP sample tube lines.
5
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Tuble 1. NMR Chemical Shifts und Spin-Spin Coupling Constants for the HC=N-Xel™ Cation

Chemical Shifts?

d('*'Xe) 1552 (-1570)
o)’ -198.7 (-193.1)
S("'N) -235.1

O Ny 2345 1230.2)"
ol'Cy 1041

S('H) 4,70 (6.01)'

Coupling Constants, Hz

H(FXe-"F)
(' Xe-"N)
(" Xe-""N)
NSO
CC-'H)
J('Xe-''Cy
“JCN-VF)
JCN-"H)

'] (""F—‘.‘C)
J('¥Xe 'H)

J(F-"H)

6161 (6176)
332

471 (483)
22

308

&4

23.9 (239
(13.)

18

247 (26.8)

2.6 (2.7)




Samples were referenced externally at 24 °C with respect to the neat liquid references; XeOF, ('*Xe).
CFECl, (""F), CH,NO, ("N and “*N), (CH,),Si ("*C and 'H). A positive chemical shift denotes a resonance
occurring to high frequency of the reference compound. The values in parentheses have been measured
in BrF; solvent.

All F spectra displayed a broad saddle-shaped feature at ca. -68 ppm. arising from the partially
quadrupole collapsed 'J("As-""F) of the octahedral AsE, anion.

Obtained from a 99.5% "N enriched sample of HC=N-XeF*AsF, .

The sumple was prepared and run at -50 "C in BrF; solvent by redissolving u solid sample of 99.5% ""N-
enriched HC=N-XeF AsF, that had been prepared in HF solvent,

Obtained form a 99.2% "C enriched sample of HC=N-XeF'AsF, .

The sample was prepared and run at -50 *C in BrF; soivent by redissolving a solid sample of natural

abundance HC=N-XeF AsF, that had been prepared in HF solvent.
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Raman Frequencies and Assignments for HCEN-XeF*AsF,,", |'*"NJHC=N-XeF*AsF, anc

Table 2.
3 -
['C]HC=N-XeF*AsF, and Related Compounds
Frequency (cm'y
MWISN)I AM”"'"C)‘
HON®  XeF AsF, © HCaN-XeF* [“NJHCaN-XeF'  ["CJHCaN-XeF
AsF, AsF, AsF, AV(BNY.  Av('PBCre ACMN) A("C)  Assignment
an 341.9(2) 3139.3(3) U214K4) 2.6 209 00016  -0.0133 i(Z’). v(CH)
297 2621018 2129.0(17) 2130.8(23) 233 A1 00304 00287 v,(Z'), v(CN)
21604031) 2126947y 2128.7(64) 331 313 00304 00288
712 v (M), S(HCN)
612(61) 569.4(93) 569.4(97) 569.4(97) 0.0 0.0 0.000 0,000 vy(Z'), v(XeF)
6HR0) 561.2(100) 561.2(100) S61.2(100) 0.0 0.0 0000 0000
6OXC1OM
602(%)
347 sh
245(58) VFXen
- . R RN ?
324.7(2) 330.6(1) 320.643) =y 4.1 0.024 -0.024 VAZ). v(XeN)
327.9(4) 23.43) 322.9(5) 45 -5.0 0,027 -0.030
250.9(14) 2763(11) 279.7(14) 46 1.2 0032 0008 v,(IT), HCNXe)
270.606) 265.4(6) 269.9(6) -5.2 0.7 £.03% -0.005
167(2).
o4s) S(F---XeF)
16((7)
150(9)
147(6)
142(3)
1X1.2(3) 181.2(2) 177.8(2) 0.0 24 0.000 0.037 V(TT), 8(FXeN)
163.0 <h 163 sh 163.3 sh 0.0 17 0.00 0.021
157.6(60) 156.9(5) 156.2(7) 0.7 1.4 0,009 0,018
134.6(10 133.6(9) 1321011 08 2.5 0,015 0,037
1180020 H7.101%) 117.0024) 09 -0 D015 0,017
Continued...
86



Table 2 (continued)

Frequeney (em 'y Assignment
. AsF,* XeF Ask,© HC=N-XeF AsF, O, (AsFg) C, (AsF,)
700 735200 Villy,) — AT
THXS)
723(13) 7072y A
631D A
689 6K1(56) 6X1K49) v,(a,,) A
73 SX2012) vile,) A
57U AT
465(3) VIAS=])
3xd 42100 4ive<h, 4151 vt A
J06( 1) A
401(2) A"
a7s W14 307(1, 392(<1) Vi(l,, ) eom—— A
IT/S) 372015y 3701 . - A"
A"
252 2441) V) e A
A"
A"
FRIC) L eshy, 772, Lattice modes

T, 65(6), 62(%),
545, L2 3%
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Ramau spectra of all of the HC=N-XeF AsF, salts were recorded with FEP sample tubes at -196 °C
using 514.5 nm excitation. Lines due to FEP have been deleted from the spectra. Values in parentheses
denote intensities; sh denotes a shoulder. Data given are tor the spectra depicted in Figures 6 and 7.
Reference (22).

Recorded at -196 °C; this work.

AV(YEN) = v(N) - vi"N) Av(RC) = v(H'C) - v(*O).

The estimated precision of each value is £0.4 cm”,

AMUNY = MOUNY - ACUNDD AMCTUC) = MO - ACPC) s where A = 4V,

¢ is the velocity of light und v the observed frequency (in cm'™).

Reference (23).
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Table 3. Comparison ol Xe-F Suetching Frequencies, Chemical Shifis and Couplitg Constants in F-Xe-L Derivatives
NMR Parameters’
XeF/XeL"
Bond Lengths v(Xe-F)  J(UXe"F §(' P XKe)! 5(V'F)*

Species® A cm’ Hz ppn ppm T.°C Ref.
XeF L FSh.F 0 1L82(3)/2.34(3) Y 7230 -574 -290.2 23+ 18.31,32.33
XeF L FAse LE7XG2.212(5) 610 06892 -h6Y 47 13.25.31.34.26
(FX¢),F! 1.9 3)/2.14(3) 593 (740 -1051 -252.0 -62 18.31,33.35
CF . C=N-X¢F* 6197 -1337 2104 -03 13
CFCaN-XuF* 6437 -1294 2129 -63 13
C F,C=N-XcF* 6430 -1294 -2132 -03 13
HC=N-X¢F* (1.904)/(2.421) 504 6181 -1509 -19x 4" -SK% 12 -
CH,C=N-X¢F! 560 G020 -170% -185.5 -10 12
$-CF N ,N-XcF* 54K 5932 -1%862 -1454 -50 13

5909 -1808 -154.9 -5
FO.S0-XcF 1.940(R)/2.155(8)  S24 5830 -16066. -40) $.33.36.37
cis/trans- )
F,OlO-X¢F 527 SKGY -1824/ -161.7 U 34

5910 -1720 -170.1 {)
CFN-XceF S52% 5926 -§922 -139.6 -30 14
4-CF.CF,N-XcF* 524 5963 -1%53 -144.6 -50 14
FTeO-XeF* 520) 2051 1540 20 39.40
(FO.8).N-XcF 1.Y6T(3)/2.200(3) 506 5586 -1977 -126.1 -58 34

56041 2009 1264 -4()
XcF, 1.Y77 490 5621 -l685 -184.3 =52 13.5.41

(1.984)




fi

Unless otherwise indicated, all cations have AsF, as the counterion.

Bond lengths obtained from theoretical calculations are indicated in parentheses.

Spectra were abtained in BrF; solvent unless otherwise indicated.

The NMR parameters of XeF group, in particular 8('*’Xe), are very sensitive to solvent and temperature
conditions: it is therefore important to make comparisons in the same solvent mediurn at the same or
nearly the same temperature.

Referenced with respect to the neat liquids XeOF, ('*’Xe) and CFCl, ("’F) at 24 °C; a positive sign
denotes the chemical shift of the resonance in question occurs to higher frequency of (is more deshielded
than) the resonance of the reference substance.

Table entries refer to the terminal fluorine on the xenon atom.

Recorded in 5bF; solvent.

8(""F) measured in anhydrous HF solvent at -10 "C.

NMR parameters measured in HF solvent.

% "“F) measured in SO.CIF solvent at -40 “C.

NMR parameters measuied in SO.CIF solvent.

NMR parameters yeasured in SO,CIF solvent ot -50 "C.
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The Fluoro(perfluoropyridinelxenon(u) Cations, CsFsN-XeF+ and 4-CF;CsF4N-XeF+;
Novel Examples of Xenon as an Aromatic Substituent and of Xenon-Nitrogen

Bonding
Adel A. A. Emara and Gary J. Schrobilgen*

Department of Chemistry, McMaster University, Hamilton, Ontario L8S 4M1, Canada

The fluoro{perfluoropyridine)xenon(i) cations, 4-RCsFsN-XeF* {R = F or CF3), have been observed in HF and 8rFs
solutions (stable up to —30°C) and their AsF¢~ salts have been isolated from BrFs solutions. low temperature Raman
and 122Xe, '9F, and 18N n.m.r. spectroscopic results are col:sistent with planar cations in which the xenon atom is

co-ordinated to tho aromat

H -y~ o~ [y o~ mmie o oala e oAb o o tAe
¢ aromatic ring through the lonc pair of elecirons on the nitrogenn.

Compounds contaiming xenon-nitrogen bonds have only been
characterized relatively recently and include the neutral
species FXeN(SO,F),.12 Xe[NISO:F),]5.2 and  XefN-
{50.CF3)2]2* and the cations XeN(SO:F).+.* F[XeN-
(SO.F)*.5% and the receatly seported senes of nitnle
cations R'CzN-XeF- (R = H. CH.. CH:F. C H<. CiFa.

CiF;. C¢F-)." In this communication we report the synthesis
and characterization of two novel xenon-nitrogen bonded
cations which. thus far. represent unique examples of noble
gas atoms functioning as aromatic ring substituents.
Equimolar amounts of XeF+AsF,~ and the perfiuoropyr-
idine 4-RCF;N (R = F or CF,). react in anhydrous HF at =30




J. CHEM. SOC., CHEM. COMMUN,, 1988 258
Tabie t. N.m.r parameters (or the +-RCF N-Xeb* (R = F or CF)) cavons»
Chemucal shilts’p pm Couphng constants/Hz
b1 Xe) d(N)  S("F) J(F-F) (1 Xe-F) (1T Xe-t4N)
C.FN-XeF+ (HF. -30°C) -1871.9 ~208 -8 AF() 24.6 F(1)F(2) 5936 236
-R9.7F(2) ~21.2F(2)F(2)
~1SR.UF(3) 17.6 F(2)F{3)
~115.4F(d) -144F(2)F{3)
JAOF3)E(Y)
- 19 SF(3}F(4)
C.FN-XeF~ (BrF,; —30*C) -1922.5% -139.6F(1) 25 AIF(NF(2) 5926
-8R.0F(2) o
~151.9F(3)
~110.1 F(4)
4-CF.CF.N-XeF* (HF: =15°C) -~ 1802.6 ~153.8F(1) 25 8F(VF(2) 5977 238
-8R TF(2) o
~136 2F(3)
~tY9CF,
4-CF(CF \N-XcF " (BrF.; =S0°C) -1853 4 ~14.60F(1) 23RF(NF(2) 5963 «
-R6 RF(D) ~19.9FF(2
=12 6F(N 12 SF(2)F(?)
-59 7CF, =19 AR

=27FIRD

=203 F(NF(CEy)
« Spectra recorded without an cxternal lock (fiedd drft <! Hz h-1) at an extcrnal field strength B, = S 8719 T using 9 mm o.d FEP
sample tubes. The corresponding spectrometer frequencies were 69.563 MHz (*2vXe). 14.075 MHz (*4N), and 235.361 MHz ("¥F). " Spectra were
referenced with respect 10 azat liquid external standards at 24°C. XeOF, ('™X¢). CHi.NO, (**N), and CFCl. (F). A pcsitive chemical
shift denotes a resonance occurring to high frequency of the reference compound. « For equilibrium reaction mixtures of XeF, and
4-RC.F.NH*AsF,- the following '"F environments were also obscrved: (1) R = F. =30°C, HF solvent: HF (-196.0 p.p.m.), XcF,
[-200 pe.m., w,, 435 Hz, J(PXe-1"T) 5660 Hz]. AsF,- [-69.4 ppm.. broad saddle-shaped resonance arising from partial
quadrupole collapse of 'J(**As-'"F)}. aad CFNH+ [F(2) -100.2 pp.m.. F(3) —158.6 p.p.m.. F(4) —~i08.6 p.p.m.]: (i) R = F.
-306°C. BeF« solvent: HF (~199.4 ppm.. wy,» 240 Hz). Bric (yuinici. 273.7 p.p.m.: doublet, 1355 p.p.m.; FF) 76.5 Hz). XeF.
5 (%F) —187.4 ppm., d(™Xe) —16292 ppm. J(OTXc~-'"F) 5643 Hz|. AsFa- (640 p.p.m.. w,: 1780 Hz), C.JFNH<
|F(2) -968 ppm. F(3) —1545 ppm., F(4) ~103.2 pp.m|. (w) R = CF. -20°C. HF solvent: HF (~196.6 p.p.m.), AsF,-
[-64.9 p.p.m., broad saddle-shaped resnnance ansing from partial quadrupole collapse of 'J(7*As-""F)]. 4-CF.C.F,NH* [F(2) -9R8.S
ppm.. F(3) -1361 ppm. CF, =617 pp.m ] (1v) R = CF. =50°C. BrF. sotvent: HF (-193.1 pp.m., w,,. 150 Hz). BrF
fquintet, 273.2 p.p.ra.; doublet. 135 8 p.p.m.. 2HF-F) 764 Hz]. XeF, [6("F) 1882 p.p.m.. o('*"Xe) —1586.0 p.p.m.. J('2Xe-"F)
5654 Hzl. AsF., (-637 ppm. w,. 980 Hz). 4-CF.C.FNH* [F(2) ~86.2 ppm. F(3) ~1318 ppm.. CF, -59.5 ppm.].
4 Alkhough observed, ntra-ring F-F couplings are not reported. + The spin-spin coupling *J{**'Xe-"N) s quadrupoie collapsed in BrF«
solvent at 30 and ~50°C.

NH*AsF.-. and 4-RC:F;N-XeF*AsF,~ (determined by
n.m.r. spectroscopy) (Tavie 1). Removal of HF solvent by
pumping at —50°C resulted in white solids which Raman
spectroscopy at —196°C also showed to e mixtures of
4'RC5F4N-XCF’ASF6— . Xch. and 4‘RC5FJNH"'ASF¢,_ .

An alternative approach which lead to isolation of the Xe--N
bonded cations allowed stoicheiometric amounts of XeF; and
the perflucropyridinium cations, as their AsF,- salts, to react
in HF and BrF; solvents at —=30°C according to equilibrium
(3). The equilibria in both solvents were again monitored by
*vXe. "F. and “N n.m.r. spectroscopy. In BrFs. formation of

F(3)

F(2)

(6. R =F(4) or CFy)

to ~20°C according to equation (1) and equilibnia (2) and (3)
to give the novel Xe-N bonded cations, 4-RCF\N-XeF+,
as the AsF,~ salts in solution. At —30°C these -olutions
consisted of equilibsium mixtures of XeF;. 4-RC(F,-

4-RC.FuN + (n + 1) HF — 3-RCF NH*(HF),—- (1
(n (2 3) :
(3) + XeF*Ask, - = J-RCFNE *ASF, - + XeFy 4+ n(2) (2)
(¢} (S)
(4) 4+ (5) =4-ROCF N-Xel ™ Ast,,- + (2) (3)
(6)

106

4-RCF,N-XeF*AsF,~ was more strongly favoured than in
HF solvent; the equilibrium ratio [4-RC:F ,NXeF+]/[4-
RCF,NH*] being 0.25 and 2.1 in HF and BrF:« solvents,
respectively, at ~30°C for R = F and 3.7 for R = CF,in BrF¢
at =50°C {Kg = 4.5 at =30°C and K¢, = 13.6at —50°Cin
BrFs for equilibrium (3)]. Consequently, removal of BrF
solvent under vacuum at —36°C yicided wihiiic solids corre-
sponding to 4-RCF N-XeF+AsF,~ salts.

The Raman and n.m.1. spectroscopic findings confirm the
formulations of the compounds wolated from BrF: solution as
AsF.~ salts possessing cation structures in which a xenon atorn
15 co-ordinated to the aromatc perfluoropyridine ring (6).
thus providing the first examples of compounds in which the
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(a)
p—
1000 Hz H B
1 \
' - A\
. 0 100 Hz s
N . A
_/‘ —~—— b L__ —
- 1
=130 -140 -150
6(‘S F)yppm from CFCly
' t
(b) 1000 Hz i
' \ N
e N
i /I . v
i A
IR \“'-“)'\‘\'r"'"v”"."J/v."""-"&\"v'Mﬁ'f‘-f‘.‘Wﬂ"‘,“v"\W]" "o e

-1850

-1900

5" xe)ppm from XeOF,

Figure 1. N.m.r. spectra of the C.FIN-XcF- caton ar =30°C: (8) the ™F a.m.r. spectrum (235 361 MHz: solvent BrF.) depicung the
fluorine-on-xenon(u) region of the spectrum and '*Xce sateilites (denoted by asierisks) ansing from spin-spin coupling of the terminal
fluorine-on-xenon to natural abundance Xe. (12" Xe-"F) (! = 1 26.4%). the 1.2:1 wnpict fine structure on the ceatral line and
the satellites is assigned to J[F(1)-F(2)]. (h) the '*X¢ n.m.r. spectirem (69.563 MHz: solvent HF) depicung the doublet arising from
J(*Xe-"F) and parually quadrupole collapsed 1:1:1 triplets arising from xenon directly bonded to the nitrogen of the pyridine ring.

IJ(IE‘JXC_IJN)_

noble gas atoms serve as aromatic substituents. In addition to
lines arising from the AsF.~ anions {v; (a;,) 677. 680 cmi~';
va(e,) 577 em-t; vg(ty,) 375 em-1]. several key frequencies
have been assigned. The Xe-N stretching frequencies can only
be tentatively assigned to weak bands at 367(2) (R = F) and
367(12) (R = CFa) em~1 [¢f. 422 cm =1 in FXeN(SQsF),j while
the F-Xe-N bends are assigned to moderately strong hands at
158(13) (R = F) and 162(13) (R = CF,) cm-'. The intense
bands in the Raman spectra of the salts occur at 528(100) (R =
F) and 524(100) ecm-' (R = CF;) and are assigned to Xe-F
stictching frequencies. These frequencies are higher than that
of FXe-N(SO,F),; (506 cm~=1)! and lower than in the recently
reported nitrile cations. R'C=N-XeF+ (564 and 565 cm-! for
R’ = H and Me. respectively).® reflecting the intermediate
base strengths of 4-RCF;N: with respect to the Lewis acid
XeF+, The latter point is corroborated by comparison of the
129X ¢ and 'YF chemical shifts of the Xe-F groups within a well
established trend in which 8(1F) increases in frequency with
increasing covalency of the Xe-ligand bond. while &(1¥Xe) is
observed to decrease. The nuclear spin-spin couplings
J(13Xe~19F) (doublet). YJ(129Xe-I4N) (partially quadrupole
collapsed [:1:1 triplet). and “J(F-F.) (1:2:1 triplet) also
support the proposed cation structures in solution (Figure 1).
Owing to the higher viscosity of BrF.. 'J('¥Xe-14N) is
auadrunole collapeed at =50 and =30 °Chut i observed in HF
at —15 and -30°C. The magnitude of /(1*¥Xe-1N) is
consistent with a one-bond '*Xe-HN coupling.! *4 On the
assumption that the Fermi contact contribution to the
129X e-HN spin-spin coupling is dominant. a comparison of
the reduced coupling constants. 'K{Xe-N), = (0.983 x 10
and 'K(Xe-N)cg, = 0991 x 103N A-2m-* with those in

which the nitrogen atom o-bonded to xenon is sp hybridized
(R'C=N=-XeF~ 1.267—1.393 x 1022 N A-2 m~*)* and sp-
hybridized [FXe-N(SO.F); 0.913 x 102]' is also consistent
with bonding between the sp? hybridized nitrogens of the
perfluoropyridines and xenon.

Other pyridine derivatives and nitrogen bases are currently
being investigated as potential electron-pair donors towards
noble gas cations. X-ray crystallographic studies of the
fluoro(perfluoropyridine)xenon{1i) cations are alse underway
in this laboratory. .

This research was sponsored by the United States Air Force
Astronautics Laboratory, Edwards Air Force Base, California
(Contract F49620-87-C-0049) and by a Natural Sciences and
Engineering Research Council of Canada (NSERCC) operat-
ing grant.
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SECTION I. Triflucro-s-triazine Adducts of XeF* AND XeOTeFs*; Novel
Xe-N Bonding '

INTRODUCTION

General Criteria Required for Ligands to Bond to Xenon

Numerous attempted preparations and successful syntheses of Xe-0
compounds have provided sufficient data for the formulation of several
general guidelines for selecting a 1ligand that may bhe s table for
bending to xencn. Ligands exhibiting the following criteri. Jenerally
satisfy the condition that the ligand must be capable of withstanding
the high electron affinity of xenon in its positive formal oxidation
states:

1. the ligand should form a moderate to strong monoprotic
acid,
2. each ligand has a high effective grcup electronegativity,

3. each 1ligand exists as a stable anion in alkali metal
salts,

4. each grcup forms a positive chlorine derivative.

For example, FXeOTeFs and Xe(OTeFa)2 and the precursor acid, HOTeF,,
and its alkali metal salts M*QOTeFs and the chlorine derivative ClOTeF s

are known.

¥enon Nitrogen Chemistry

It was not until 1974, that the first xenon-nitrogen compound
was prepared.™ The general approach was to use a ligand satisfying the

criteria listed above. To this end, a nitrcgen ligand made highly
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electronegative by substitution with electron wilhdrawing SO2F groups
was selected. The reaction was shown to proceed according to equation

(1) .

CF2Cla
XeF> + HN(SO2F)2 ————> F-¥e~-N(SO:F)2 + HF (1)

0¢C, 4 days

owing tn the instability of the product, the imidodisulfurly derivative
was not fully characterized until 1982 when definiti.e evidence for Xe-
N bonding was obtéined in the form of the lcw- température crystal
structure?® }Figure 1). Several other compounds containing Xe-N-
(SOZX)Z (X = F, CFa) were also prepared (Table 1), however, the
aforementioned method was limited by the number of suitable electron
withdrawing groups which could be attached to nitrogen to provide a

sufficiently electronegative nitrogen ligand.

Lewls Acid Rehavior of XeF* and KrfF+*

In.1987, the discovery that XeF* had Lewis acid propertiesz,
and, as such, ‘'would undergo reactions with nitrogen bases to form
adducts,” significantly ~ broadened the scope of xenon-nitrogen
chemistry, and mnoble-gas chemistry 1in general (Annual Report, May 1,
1987 - April 30, 1988 and references therein). In these acid-base
reactiéns, XeF* functions as an electron-palr acceptol towards the ione
pair on the nitrogen base of specific ligands, provided the ligand can

withstand oxidation by Xelb*. The e¢lectron affinity of Xel* isg
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Figure 1. Crystal structure of F-Xe-N(S0.F)..
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Table 1. .
Xe~N Derivatives of the N(S02:X): Group (X = F, CFa)

Compounds Reference
FXeN(S0.F)» 2

[XeR(SO2F)2 ]*AsFs~,
[XeN(SQ2F) 2] *SbFie™
F[XeN(S02F)2]2*ASFs™
Xe[N(SO:zF)2]-2
Xe[N(SO2CFa)z]2

A ;WL W
-
e

Table 2.
Tonization Potentials of Some Nitrcgen Containing Ligands

1st Ionization -

Compound _ Potential (eV) Reference
CF3C=N 13.90 9
HC=N 13.59 10
CH2FC=N 13.00 % 0.1 11
CFsC=N 12.60 9
CHF,C=N 12.40 12
CHaCzZN 12.1% ¥ 0.005 13
s-C3F3Na 11.50 14
CHaNZC 11.32 15
CsFaN " 10.08 | 16
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estimated to be 10.9 eV,® accordingly ligands are required to have
first ionization potentials exceeding 11 eV if they are to be capable

of forming stable adducts. Examination of the known first adiabatic
ionization potentials of several nitrogen containing ligands provides
insight into which ligands are likely to be suitable candidates for
adduct formation (Table 2).

The method of adduct preparation is generally stréight
forward and involves the interaction of stoichiometric amounts of
XeF*AsFs~ and a suitable organic nitrogen base in anhydrous HF solvent
or the interaction of a stoichiometric amount of a protonated base salt
with XeF. in HF or BrFs solvents. Brief warming to -30 to
-20°C is generally sufficient tc effect reaction and dissolution in the
solvent witﬁ%ut significant decomposition. Vacuum pumping at -50 to-
30°C, resulted in the isolation of white SOIids, many of which are not
stable above ~10°C. Using this approach a large number of new xenon-
nitrogen compounds were recently prepared, including adducts with per-
fluoroalkylnitrile cations? (Figure 2) and perfluoropyridine cations??
(Figure 3j). 50lid samples o©of a large number of these compounds have
been characterized by 1ow—température ;aser Raman spectroscopy and
solutions of'the adducts in HF and/or BrFs have been examined by *°F,
129¢e, and 2*N NMR spectroscopy.

rnother cationic noble-gas species which was believed to
exhibit Lewis acid properties was Krf¥F* which has an estimated electron
affinity of 13.2 ev.>2 Consequently, it was desirable to test the
hypothesis by allowing KrF* to react with a suiltable oxidatively
resistant iigand using the synthetic methods outlined abovea,.
Unfortunately, KrF* proved to be more difficult to work with owing to

the fact that its salts are unstable near room temperature. In
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I:H-C -'—:N—Xe—F] AsFg

+
[R—C =—=N-Xe-l—':| AsFg

Figure 2. Hydrogen cyanide, alkylnitrile and perfluoroalkylnitrile

adducts of XeF*AsFes".

Figure 3. Perfluoropyridine adducts of XeF*AsFg™~.




addition, KrF* undergoes autocatalytic redox reactions in HF solvent.
In view of these propefties, the interaction of neutral KrF, with
HC=NH*AsF&~ (1lst 1IP of HC=N, 13.59 eV) in BrFs was attempted. The
reaction proceeded according to equation (2) resulting in the formation
of HC=N-KrF*AsFs~, the first species containing a krypton-nitrogen

bond.*®
KrF2 + HC=NH+ASF¢~ ——>[HZ=N-Kr~F]*AsFs~ + HF (2)

The Trifluoro~s-Triazine Adduc: of XeF+

The first. ionization potential of trifluoro-s-triazine, s-
CaFsNas, (11.50 eV) indicated that it should resist oxidation by XeF~*
And form a ;table Xe-N adduct (Table 2). The synthesis of the trifluo-
ro-s~triazine adduct of XeF* was conséquéntly attempted using HF as the
solvent at -10°cC. The presence of fluorinated ring byproducts from
this reaction demonstrated that trifluoro-s-~triazine 1is sukject to
solvolysis inm HF, and attempts to prepare the compound in other
solvents also proved unsuccessful. Accordingly, the direct reaciion of
solid XeF*AsFs~ with liquid trifluoro-s-triazine in absence of solvent
was attempted. The synthesis of s~CaF;NzN-XeF* has recently been

reported,*® (see Section II) and is formed in the reaction of s-CaFaNj

w-.th XeF*AsFes~ according to equation (3)

E }?
i~ 1~
F —</ N -+  XeFrAsFg — F —< N — XeFtAsEy (3)
v=( v=(
F F
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The compcund was characterized by low-temperature laser Raman spectros-
copy, *®F and *2°Xe NMR spectroscopy.

Unlike osther Xe~N compounds, the trifluoro-s-triazine adduct
axhibited remarkable stability aﬁ room temperature. In addition, the
solid XeF* appeared to react with a second mole of trifluoro-s-triazine
during the reaction, a feature unique to this system and the subject of

a portion of the present report.

Purpose and Scope of Present Work

In the pteéent work we have undertaken to prepare noble-gas
compounds containing novel Xe-N bonds. In general electronegative
nitrogen organic bases with first ionization potentials greater than
the electron affinity of XeF* (10.9 eV)'® have proved to be suitable
ligands for adduct formation. Trifluoro-s-triazine fulfills this
criterion and exhibits resistance to oxidation. Moreover, the XafF™*
adduct of s5-CaFaN; has demonstrated remarkable stability at room
temperature. For these reasoﬁs s~C=F=N. was selected as the 1ligand to
test the possibility of forming new Xe-N compounds from other suspected
xenon Lewis acids, namely XeFa™ and XeOTleFs™*.

In addition, the potential binding of a second mole of tri-

fluoro-s-triazine to the xenon Lewis acld, XeF™*, was examined using

low-temperature laser Raman spectroscopy.




EXPERIMENTAL

Apparatus and Materials

The majority of compounds prepared and used in this worxk are
air and moisture sensitive, accordingly manipulations were carried out
under anhydrous conditions. Noni~volatile air-sensitive solids,
XeF*AsFs~,  XeOTeFs"AsFs,  XeFs*SbFs~,  Xe(OTeFa)z, Sb(OTeFs)s,
XeOTeFs*Sb(0QTeFs) ¢~ were weighed and transferred to reaction vessels in
a dry box (Vacuum Atmospheres Model ©DLX; <0.01 ppm H:O and <0.1 ppm
02). Volatile reactants and solvents were transferred using glass or

metal vacuum lines.

Preparation and Purification of Starting Materials

Solvents. All solvents were transferred on a metal vacuum line
through all fluoroplastic connections. The former was constructed of
316 stainless steel, nickel, Teflon ana Kel-F.

Sulfurylchlorofluoride, S0:ClF {(Columbia Organic Chemicals),
was purified by distillation onto £HFs to remove SO, contaminate, as
previously described.?° Subsequently the solvent was distilled (from
SbFs), into a glass étorage bulb, equipped with a Rota-Flo valve,
containing dry KF to remove residual SbFs and HF. The purified solvent
was used directly from this vessel.

Brominé pentafluoride, BrFa, (Ozark Mahoning) was purified
as described earlier?* and stored over dry KF in a 3/4" Kel-F storage
vessel equipped with a Kel-F valve.

Anhydrous hydrogen fluoride, HF, (Harshaw Chemical Co.) was




purified by treatment with.5 atmospheres of Fz gas in a nickel can for
a period of 1 month, converting residual water to HF and 0. gas. After
the specified time period, the excess F. gas was removed under vacuum
at -196°C. The anhydrous HF was subsequently warmed to room tempera-
ture and vacuum distilled into a dry Kel-F storage vessel equipped with

a Kel-F valve and stored at room temperature until used.

Trifluoro-s~Triazine. Trifluoro~s-triazine, s~CsFaNas (Armageddon

Chemicals, Durham, N.C.) was treated prior to use, by transferring it
to a glass bulb containing anhydrous CaH; powder (British Drug Houses)
in a fume hood. Trifluoro-s-triazine was transferred on a glass
vacuum line equipped with J. Young 6mm glass/FEP valves (Figure 4)
using a glass vacuum distillation apparatus equipped with J. Young 4mm
glass/FEP valves (Figure 5). To avoid contamination of samples with
CaH., trifluoro-s-triazine was alwavs transferred to an intermediate

preweighed evacuated glass bulb prior use in syntheses.

Xenon Cations Salts, Xe(OTeFs). and sb(OTeF;ls. Preparations of

XeF*AsFe~, 22 XeFa*SbFs~, %> XeOTeF+ASFs—,%* Xe(OTeFs) 22" and

Sb(OTeFs)a?6 are described elsewhere.




to pump

=

AL

20 cm

Figure 5. Glass grease-free vacuum line; (A} manometer, (B) dry

nitrogen inlet, (€} liquid nitrogen trap.

118



P;eparation 0of Xe-N Compounds

S-CaFaN2N-XeF AsFs. In a typical preparation 0.850 g (6.294 mmol) of

sicaF;N, was transferred to an evacuated glass bulb wusing a glass
vacuum distillation apparatus (Figure a) attached to a glass vacuum
line. XeF*AsFs~, (0.281 g, 1.852 mmol), was weighed into a 1/4" o.d

FEP reaction vessel equipped ‘with a Kel-F valve in a dry box.
Trifluoro-s-triazine was vacuum distilled onto the selid at -196°C
(Figure 6hnh). The sample was allowed to warm to room temperature and
left to react for 2 hrs. with periodic agitation to effect even
distribution of the 1l1iquid throughout the solid. Reaction was
generally apparent within 20 min. of mixing at room temperature,
resulting in the formation o¢f a fine white solid suspended in excess
trifluoro-s-triazine. Upon completion of the reaction, the sample was
pumped under vacuum at room temperature for 40 min. to remove excess s-
CsFaNa. The yield was 0.8489 g (96.7%) and the product was stable
indefinitely at room temperature. ' A- Raman sample was prepared
according to the methods described 1later in this section, as were
solutions ¢of the product in HF and BrF. for examination by *®F NMR and

122¥e NMR spectroscopy.

Preparation of the Higher Adducts x S=CsFaNy : XeF*AsF.~ (3 > 1). In

typical preparations of the title compounds, the weight of s-CiFaN,
required for the ‘desired stoichiometry was vacuum distilled into an

evacuated glass bulb. The required amount of XeF*AsFs~ was
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Figure ga, Vacuum distillation apparatus for purification of

5~-CaFaNs.




< A o

Qo

U

Figure 6h. Glass vacuum distillation apparatus for the preparation of

trifluoro-s-triazine adducts of XeF* and Xe(QTeFs*.
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. ubsequently weighed into a 1/4" o.d. FEP tube in a dry'box. Tri-
fluoro-s-triazine was distilled onto the solid and the reaction was
allowed to proceed for 2 hrs. The amounts of XeF*AsFe¢~ and s-CaFaNa
u%ed in each reaction as well as the appearance of the mixture after 2
hrs. are listed in Table 3. .

Upcen completion of the reaction, the reaction tube was heat sealed
under vacuum at =196°C and sﬁbsequently examined by low-temperature

Raman spectroscopy.

Preparation of s:gagaﬁzN-XeOTer*Ast:. The title compound was

rrepared from ¥eOTeFs*AsFe~ according to equation (4).

XeQTeFs *AsFe™ + s~=CaFaNa —

> S=CaFaNzN-XeOTeFs"AsSFe~ {4)

501id ¥eOTeFs*AsF,~ ( 0.3379 g, 0.6047 mmol) was weighed into a 1/4"
FéP c.d. tub; in a dry box and excess s5-CaFz:Na ( 0.5686 g, 4.212 mmol)
was distilled into an evacuated giasé bulb on & glass vacuum line.
Trifluoro-s-triazine was distilled onto solid XeOTeFas*AsFs~ and the
mixture was warmed to -10°C. A color change from yellow to off-white
was immediate and the reaction was allowed to proceed for an additional
10 min. at =-10°C and S5 min. at 0°C. The mixture was subsedguently
pumped under vacuum at room temperature feor 20 min. to remove excess
s~CaFalNs. . The product was an extremely fine white solid which was
stable at room temperature. The yield was 98.7% based on a 1:1

combining for -XeOTeFs*AsF6 and s-CaFaNa. So0lid samples for Raman
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Table 3.

Preparation cf the adducts, X S=CsFaNax

amounts of reagents and appearance of products.

.243
.497
.317
.007
.951

SOW N e e

§-CaFaNa

(g) (mmol)
0.2834 2.097
0.3374 2.498
0.44€¢0 3.303
0.3669 2.717
0.6662 4.933

XeF“AsFs~
(g) (mmol)
0.5724 1.687
0.5649 1.665
0.4833 1.425
0.3052 0.8998
0.3880 0.9646

XeF*AsFs~;

Appearance

of Products

dry white
dry white
dry white
dry white

solid
solid
s0lid
solid
suspension of
white solid in
liquid $-CaFaNis




spectroscopy, and *®F NMR and 2*2™"Xe NMR samples in BrF, solvent were

prepared as described later in this section.

b
Preparation ofwgeOTer*sb(OTerl.:. The title compound was prepared

by the following series of reactions:

SbFs + B(OTeFas)s -———-> Sb(OTeFs)as + BF, {5)
3XeF, + 2B(0TeFs)s ——> 3X&(OTeFs)a2 + 2BF4 (6)
2Xe (OTeFs)z + Sh(OTeFa)a ~> XeOTeFs"(SbOTeF5)6~ + Xe (7)

Xe{OTeFa)a (3.408 g, 5.601 mmol) and Sb(QTeFs)a (2.215 g, 2,763.mmol)
were weighed in a dry box, then combined in a 1/2" o.d. FEP tube
equipped with a Kel-F wvalve and maintained at -1i9%6°C. Tiie tube was
transferred to a metal vacuum line where S0.ClF was distilled onto the
cold solids. The mixture was slowly warmed from -40°C to -19°C.
However, the reaction was slow, consequently the temperature was
raised to 0°C resulting i1a the generation of a bright orange solution
and steady evolution of Xerion g&s. The evolved <enon gas was bled off
reriodically, and the reaction deemed to be complete when xenon
evolution haq ceased., Upon completion cof the reaction, the mixture was
pumped under ,-vacuum at 0¢C until a pale orange powder was obtained,
then further pumped at room temperature for an additional hr. The

yield of the product was 96.3%, A solid Raman sample, and solutions of

the product dissolved i1in SO;ClF for examination hy **F NMR, were

prepared by meihods described later in thieg gection,




'Prepargtion Of S-CaFaN2N-XeOTeF-*S$b(OTeFa)a_. The title compound was

prepared from XeQTeFa*Sb(OTeFs)s~ 1n a manner analogous to the
synthesis of s—C;F;N;N-XeOTer*Ast'. XeOQTeFs*Sb(0TeFs)e~ (0.5197 g;
0.2702 mmol) and excess s-CsFaN» were combined in a 1/4" o.d. FEP tube
equipped with a Kel-F wvalve and warmed to -20°C at which point an
immediate color change from corange/yellow to off-white occurred. The
reaction was allowed . to proceed for 5 min. and was then pumped under
vacuum at 0°C for 20 min. to remove excess trifluoro-s-triazine. The
product was an extremely fine off-white grey sclid, vield 98.6%. The
solid Ramin sample as well as a sample dissolved in SO.ClF for *®F NMR

spectroscopy were subsequently prepared from this material.

Reaction_ of XeFas*SbFe~ with T;ifluorofs—Triazine. In a typical

reaction solid XeFy“SbF«~, (0.3183 g, 0.7490 mmol) was transﬁerred to a
1/4" o.d, FEP reaction vessel equipped with a 316 stainless steel‘netel
valve (Figure 7) and attached to a gl;ss' vacuum distillation apparatus
by means of Air Drome AN fittings. 1t was necessary to use a metal
valve and fittings as solid XeFa*SbFs~ 1s a potent oxidant which is
known to attack and rupture Kel~F. Excess trifluoro-s-~triazine (0.5276
g, 3.5%07 mmol) was vacuum distilled onto solid ¥eF.*SbhF.~ using a glass

vacuum line,
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Figure 7. Metal valve assembly used for reactions involving XeF,*SbFes,
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and the samples were warmed to -30°C at which point a éolor change from
vellow to white occurred within 5 min. The sample was warmed further
to 0°c, and allowed to react for a further 30 min. Upon completion of
the reaction, the‘samples were pumped at 0°C for 20 min. to remove
excess s-CazFaNas. The product was stable at room temperature. Samples
for *?F NMR, *2°Xe NMR and Raman spectroscopy were prepared according

to the methods desciibed later in this section.

Nuclear Magnetic Resonance Spectroscopy

Several different containers were used for NMR samples

depending on the nucleus under investigation and the solvent used:

Nucleus Solvent Sample Tube -Materials and Dimensions

1231gh SOLClF 9 mm o.d. FEP tube for insertion into Wilmad
thin wall 10 mm o.d. precision glass tube

129¥e BrFs 9 mm o.d. FEP tube for insertion into Wilmad
SOLClF thin wall 10 mm o.d. precision glass tube
i9f HF 4 mm o.d. FEP tube for insertion into Wilmad
thin wall 5 mm o.d. precision glass tube

1i9f . BrFs Wilmad precision 5 mm o.d. medium wall glass
tube
,ngClF

Scolid samples were transférred to NMR tubes in a dry box and sufficient
solvent was distilled onto the solid to effect dissolution. The tubes

were subsequently heat sealed under vacuum between -136 ©C, and steored




inrliquid nitrogen. All spectra were recorded on a Bruker WM-250 pulse
spectrometer at an external applied field strength of 5.8719 Telsa.
fhe ohserved frequencies for *°F, ‘29Xe' and *3**sk were 235.36, 69.50
and 59.86 MHz, respectively. NMR spectra were referenced externally at
24°C using the following reference substances: CFCls (neat *°F), XeOF,
(neat, *2°Xe), Et.N‘sts' (0.1 M in CHaC=2N). Free induction decays
were accumulated in a 16K or 32K memory with spectral width settings
between 10 and 25 KHz yielding data point resolutions of 1.6 to 6.0 Hz.
The number of scans obtained varied with each sample, with *®F spectra
generally requiring 500~2000 scans, and *2?*8b and ?*2°Xe spectra

requiring between 1000 and 10000 scans for sufficie 't signal to noise.

Laser Raman Spectroscopy

Excluding reaction mixtureé X 8-CsF3NsC3F3N3 : XeF* where x >
f, all Raman spectra were cbtained from solid samples in sealed preci-
sion medium wall glass NMR tubes (Wiimad 5 mm o.d.) 'A Coherent Nova
90~-5 argon ion laser, providing up to 5 W at 514.5 nm was used as the
excitation source in conjunction with a Spex ladustries Model 14018
double monochromator equipped with 1800-grooves/mm holographic grating.
The spectira were accumulated using a RCA C 31034 phototube detector
combined with a pulse count system (Hamner NAll) consisting of a pulse
amplifier analyzer (Hamner NC-11), and a rate meter (Hamner N-708 A).
spectra were recorded using a Texas Instruments Model FSOZWBA strip
chart recorder. The spectrometer was periodically calibrated by

recording the discharge lines from an argon lamp over the spectral

range o©of interest, and the Raman shifts quoted are estimated to be




accurate to t1 cm~*. Slit widths were set to 150, 200, 200, 150 mp and
all spectra were recorded at a chart speed of 0.5 cm™*/s with gains
between 10K and 100K, and time constants between 0.25 and 1.0 s. The
approximate power of the beam at the sample ranged from 0.60 to 0.93 w.

Sample tubes were mounted vertically in an unsilvered Pyrex
glass Dewar filled with liquid nitrcgen such that the angle between the
incident beam and the sample was 45° (Figurre 8). 1In cases where
immersion in liquid nitrogen was insufficient to prevent decomposition
at the site of excitation the sample was rotated to effect increased

cooling.
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Figure g, Sample holder for recording laser Raman spectra at -196 °C.
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RESULTS AND DISCUSSION

TNVESTIGATION OF (CaFaNzN)o2-XeF*AsFs™

——— ey e

As noted in the introduction, the reaction of trifluoro-s-
triazine with XeF* resulted in solid white‘ products, even when a
significant excess of liquid s-CaFaNs was employed. 1t was speculated
that at least two moles of s-CsFaNa may be coordinated to Xe(II). To
investigate this possibility further, a series of X S~CsFaNs : XeF*~-
AsF«~ reaction mixtures was prepared. Since removal of excess s-C3FaNa
from the prpducts DY pumping under vacuum at room temperature invari-
ably resulted in the formation of the thermally stable 1:1 adduct, s-
CsF3N-N-XeF*AsFs~, the reaction mixtures were heat sealed under vacuum
in FEP tubes at =196 ©°C, and subsequently examined by low-temperature

Raman spectroscopy.

Raman Spectra

A comparison of the Raman spéctfa for the reaction mixtures
(Table 4) with the spectrum for s-CaFaN:N-XeF*AsFs~ (Section II)
indicated that there was a definite change in the most intense band,
characteristic of the Xe-F stretch from 544 in s-C,3FaN:N-XeF*AsFs~ to
560 cm~* upon addition of excess s-CaFaN» (Figure 9). This high-~
frequency shift of the Xe-F stretch is indicative of strengthening in
the Xe-F boné, resulting from increased Xe-F character in the resonance

structure of the:adduct

F-Xe~L —— F-Xe* L~




Table 4. Some key Raman frequencies XeFv'AsFes~

X S'C;FaNa

7 Frequency,
S~=CaFaNaNXeF*AsFes ™

Cill—y

s=CaFaNaNXeF*AsF g~
"X S=-CasFaNa"

and s-C aFaN:N-XeF*AsFe™

Assignment

1504(10) 1510 4., Sym breathing
648(20) 648,641 a: ring breathing, all
atoms in phase

553(53) -- ai, Xe-F

544(100) 560 ai, Xe=-F

156(23) 157 b,, bz, 6(C~-N-Xe)
110(15) 94 b,, bz, &5(N-Xe-F)

= peak positions invariant for s~-CaFaN-NXeF*AsSFs~-X s-CzFaNs adducts,

but the intensity varied.
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Other vibrational frequencies associated with the s-Cs;FaN.NXeF* cation
were 3lso found to be shifted.

In general, the spectra obtained for the different x:1
ratios were very similaf, the major difference being relative peak
intensities, with 1little apparent change in peak positions. Unfor-
tunately, the peak intensities were shown to vary while scanning the
spectre, preventing a rigourous analysis of the effect of increasing
the ratio of trifluoro~-s-+riazine xeF™, The variation of peak
intensities is thought *o arvise from dissociation of the more weakly
bonded excess s-CaFaNas adducts 1in tbe laser beam. No such intensity
variation was observed in the spectrum of the 1:1 adduct s-CaFzN.N-
XeF AsFg™.

One prouinent spectral feature which deserves special
nention is the fact *+that even as x apprcached 1, the most intense
peak, corresponding to the Xe-F, stretch occurred at 560 cm~*, and was

invariant. However, below the 1:1 ratio, ouly one Xe-F stretch at 544

cm~ ! was present, corresponding to that of ZeF*AsFes™. These results
ar» significant in that they indicate a product with a different Xe-F
bond was formed even when little excess trifluoro-s-triazine was
precent. consequently, the formation of a simple (CaF3NuN)a-XeF*
monomer is unlikely, since it does not account for the chenge in
bonding at x:1 ratios less than 2. To explain these results it is
necessary to postulate the formation of a polymer in which each XeF* is
bonded to two trifluoro-s-triazine rings and which immediately
converts, under vacuum, to the monomeric 1:1 adduct s-C3FaN2N-XeF*AsFs~

upon removal of excess triflucro-s-triazine. One possible structure
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for such a polymer is suggested below [Structure (X)]. Branching in
the polymer is unlikely because it could only occur where XeF* was
bonded to three s-Ca¥FiNy molecules, consequently one can only account
for the highef adducts by pestulating the formation of cyclic s-

CaFaNaNXeF*AsFs~-x s$~CaFsNs polyuers.

1=1=—<‘
FF 4 -—<< -;b{/b1=:<kp
N'\<N—§cc/N:<F \F
/ AN

If polymeric £-CszFaNaNXeF*AsFs X 5~CaF3Nas structures do
exist, they might be expected to have fhe.novel AX.Es VSEPR arrangement
of lone pairs and bond pairs about the central xenon atom. TwWC
representations of this geometry are given by Structures {(II) and
{IIT). Gf the two possibilities, Structure (II) is more likely because
it minimizes the lone pair ~ lone pair repulsions relative to the only
other alternative, the facial isomer represented by Structure (III).
In either case, the binding of the second mole of trifluoro-s-triazine
to Xe should result in a lowering of the electric field gradient at the
¥enon nucleus sufficient to significantly decrease the quadrupole
splitting in the *>®Xe Mossbhauer spectrum. Presently, **%Xe Mossbauer

A

studisc are pending; it is expected that they may provide further
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insight into the local environment of xenon in the s-CyF3N N-XeF*AsFs~

- X S‘C:F:-)N; SYSCE‘J‘RS .

N PP
T | ).

1T ITT

REACTION OF XeF:*ShFe~ WITH TRIFLUORO-s-TRIAZINE

In light of the resistance. to oxidation exhibited by the
trifluoro-s~triazine ligand, the direct reaction of the ligand with a
salt of the Xe(1IV) cation, XeF,*, was attempted. The sall, XeFa*SbFs~,
was selected in the hope that it, like XeF*AsFs~, would exliibit Lewis
acid characteristics, providing a means of preparing the fiist example
of Xe(IV) bonded to nitrcgen. The XeF,~ cation is, huwever, a more
potent oxidant than XeF* and could possibly oxidize the bhase upon

adduct formation.

*®F and *2°Xe NMR Speétposcopy

The **F and 22??Xe chemical shifts and coupling constants of
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the products in BrF. (Table 5) gave no evidence for the formation of
the desired compound, 5-CyFaNzN-XeFs~"ShFe™. In fact, the 329Xe
gpectrum shows no peaks in the Xe(IV) region (-663 to +595 pbm), and a
doublet in the Xe(II) region with'a chemical shift similar to that of
5~C3FsN,N-XeF*AsFs~ (Figure 10). Furthermore, the chemical shifts and
splittings in the F-on~C region of the ?®F spectrum (one triplet (1F),
one doublet of doublets (2F), Figures 11 and 12), and the F-on-Xe
region (triplet with 2*2®Xe satellites, Figure 13) correspond to those
obtained for s-C3F;N:N-XeF~ (Figures 14 and 15), indicating Xe(IV) has
undergone a two electron reduction to Xe(II) to form of s-CaF,;N.N-
XeF*SbFe~(Table 5). It should be noted that the *%%Xe is an NMR-active
nucleus having 26.44% natural abundance. Consequently, 26.44% of the
fluorines bonded to Xe couple with 22®"Xe to produce satellites which,
owing to shielding anisotropy, do not exhibit the fine structure of the
central multiplet (Figures 13 and 15)2

The oxidized product of two trifluoro~s-triazine molecules
coupled through nitrogen [Structure (IV)] accounts for the remaining
multiplets in the *®°F spectrum (Table 5), and the reaction was deter-

mined to proceed according tc equation (8).

I F
Al +er — 9 T “'20.(__:_’
Xel'y VSUF,T 4 35-CyF, N, N :< >__:N ]
< (] n‘-*- N O - . I: . _— re '
5-Cyl'yN,N-Xer SbE, ™ 4 ~< N—N >/"1':
oNe={ >—: N
Tt
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(a)

Iy R e

v— = v — v
Oy 100 ~jute -1008 1034 1008

be) (ppra from XeOF ).
LZQXC

MWJJ i Sl

-r

Y ! v =
-thl 1738 2% Il EI;" !niu =1art 1908

Gzzgxo(ppm from XeOF,)

Figure 10. 129Xe spectrum (69.563 MHz) of s-CaF3NpN-XeF'AsFg- in
(2) BrFg at -50°C illustrating quadrupole collapse of the 129xe-
14N coupling and a doublet arising from 13[129xe-14N), and (b) HF
at -5°C showing 1J[129%e-19F] and the partially quadrupole
collapsed 1:1:) multiplet arising from ly[129xe-14N] coupling.
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Table 5. NMR parameters for s-CaFaN:N~XeF*AsFs~ and products resulting

from the reaction of XeF3*SbFe~ with trifluoro~s-triazine.=

5*®F 5*2%Xe Coupling Consts.
Sample Species ppm rem Hz
S=CaFaNz2N-  s=CaFaNaN-  F(1),-145.6 -1862 “J(F(1)-F(2)1,10.9
Xe. "ASFs~ XeF+* [D,1F] [D]
F(2),-26.2 “JLF(2)-F(3)],13.3
{T,2F)
F(3),-8.7 *J[*?F-12%%e], 5932
(T,1F)
5~CaFaNs +  S-CaF3N N-  F(1),-145.0 -1858 AJLF(1)-F(2)]},11.6
XeFa*SbFs~  XeF~ {D,1F) (D}
rxn. prods. F(2),-25.4 AJ[F(2)-F(3)1,14.6
(d.4.,2F)
F(3),-8.1 ‘1J[19F-12%%a],5917
{T,1F] )
{C3F4N2N~)2 F(1'),-36.9 SJ[(F(1')-F(2')},17.4
(T,4F)
F(2'),~19.6 *J(F(1')-F(3')],16.4
(d.oc.t.,2F)
F(3'),+5.7 2I[¥(2')-F(3')]1,32.3
[d.c.t.,2F]

® Recorded in BrFs solvant at =-509°cC.
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Enerqgy calculations performed on the c¢oupled ring product using the
computer program MODEL indicate the minimum energy conformation is one
Qith two fused boat forms of the coupled six membered rings depicted by
Structure (IV). This geometfy accounts for the presence of three
multiplets in the *®F NMR spectrum arising from three non-equivalent .
fluorines and their accompanying spin-spin couplings (Figures 11 and,

Figure 12).

COMPOUNDS CONTAINING NOVEL N-Xe~-O LINKAGES

In addition to XeF*, XeOTeFs* has Dbeen known for some time
and is expected to exhibit Lewis acid -properties. The salt,
XeOTeFs*AsFs™, can be prepared in good yield according to the following

series of reactions:

—> Xe(OTeFs)> + BFa, (9)

¥XaFz: + B(OTeFs)a
1

Xe(OTeFs)2 + XeF: ——> 2FXeOTeFs (10)

2FXe0TeFs + ASFs ———> XeOTeFs*AsFs”™ (11}




Because the ZXeQTeFs,> cation readily undergoes solvolysis in HF and
BrFs, the only solvents suitable for the preparation of the previous -
;éries of Xe-N adducts, its potential wuse as a Lewis acid has never
been investigated.Z* Fortunately, the direct interaction of ¥eQTeF *A-
SFe~ with trifluoro-s-triazine requires no solvent, and XeOQOTeFs;*AsFs~

has been used to prepare s-CaFaN:N-XeOTeFs*AsFes~, the first compound

with an N-Xe-0 linkage, according to equation (12).

XeQTeFs*ASFs~ + S-CaFaNa

> S~C3FaN;N-XeOTeFs AsFs™ (12)

19 and *29°Xe NMR Spectroscopy

The product, s-CaF;N2N-XeOTeFs*AsFs~, proved to be insoluble
in S02ClF and was sﬁbject to 'Solvolysis in HF. Accordingly, it was
necessary to use Brfs solvent for NMR sample preparation, though the

. f
XeOTeFs* dgroup undergoes solvolysis with BrFs resulting in the

production of TeFs and bromine oxofluorides, equation (13).
XeOTeFs*AsFs~ + BrFg —— > XeF> + BrOF."ASsFes~ + TeFs (13)

Fortunately, reaction of s—C3F3N2N~XeOTéF5*AsF5“ with the solvent was
slow and incomplete at -509C, and peaks indicative of the novel cation
could be identified in the *®r spectrum (Table 6).

The *°F NMR spectrum of the compound was quite complex owing

to the fact that the equatorial and axial fluorines of the -~0TeFs
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Table 6.

Xe0TeFs*Sb(0TeFs) s~ and XeOTeFs*Sb(OTeFs)es~

IS

Compound Species
S"C;F;NzN" S‘CaFaNzN"
XeOTeFs™ XeOTeFs™
AsFe&~ AsFes™

S-Cg FgNzN"

XeF*AsFs ™

TeFs

ASFG-

[4

XeOTeFs™* XeOTeFs™

Sh(0TeFs)e ™ *

S‘Cg F:NzN"
YXeOTeFs™
Sb ( OTEF:—, ‘}5-

“ Brfs,

-559C.

Sb(OTGFs)&U

5=CaF3N2N-
XeOTeFs™

Sb(OTeFs)s"”

b Rr¥Fs ’

NMR parameters for s-C3FaN;N-XeOTeFs*AsFs™, S=C3FaNzN-

6*°F 6512%Xe Coupling Consts.
(pprm) (ppm) (Hz) -
F(2),-26.8" ~-225Q® “J[F(2)-F(3)].14.4 - B
{(D,2F] [s]
F(3),-9.0 2J[Fasx~Faal,177.4
[T,1F]
AB,, 1J[Faq~*2>Te],3723
Fuax,-48.4
Feq:-43.1
F(1'),-145.0 -1863 SJ[F(1')-F(2')],11.3
(T,1F] (D]
F(2'),-26.0 AJ[F(2')~F(3')],14.6
[d.d.,2F]
F(3'),-8.3 13{*°F-122%e],5698
19, -53.3 [S] tJ[*°F~*?2Te],3739
1J{*®F-*23Te},3102
19F -64.6 [S]
XeQOTeF%, AB.,° -1457° 2J[Fasx—Faq]:=274.7 -
Fax, -46.0 (D]
an, -40.7
Sb(OTEFs)e- ABa,
i9p  -42.4
F(2),-25.6% “J[F(2)-F(3)],14.5
[D,2F)
F{3),-%.1 1I{19F-*22¥a],24.,78
{T,1F}]
XEOTQFB* ABA, ZJ[F-x"Faq],zls—’
Fasx,~-27.1
Faq,x-42.3 1J[Faa=1?>Te],3719
AB. 1J(1°F-125Te],3558
19F 42,6
1g3[19F-223T7e],2951
-51°C. c 80,ClF, -51°C. < S0.ClF, 25°C. & =
250C., &*21gh, -13.21 ppm, broad

121g5h spectrum obtained in S£0:ClF at

singlet.

D L

* gpectrum obtained in
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S02CLlF at -51°C after warming to room
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group give rise to an NBs spin system consisting of 25 transitions
(Figure 16). It is interesting to note that line 1 of the AB, pattern,
dhich denotes the chemical shift for the lone axial fluorine, 1is
sharper than the rest of the peaks, as is predicted by theory.*”’ 1In
addition to the AB, pattern, the spectrum O0f 5-CaFsNazN~-XeOTeFas*As5Es”
gave rise to two multiplets in fhe F-on-C region; a doublet with **“Xe
catellites, and a triplet (Figure 17).

Additional multiplets arising from TeFs, s=C3FaNzN~XeF*AsSFs"™
(Figures 17 and 18 and Table 9) and a broad peak attributed to BrF,
were also present (Figure 16). satellites arising from coupling of **F

with *>2%Te and 123Te (Table 6) are evident for the strong TeF, peak.

XeOCTeFs*Sb(OTeFs) e -

Although 5-C3FaN:N-XeOTeFas*AsFe~™ Was successfully prepared,
ﬁhe XeOTeF5:AsEs' Lewis acid could not be used in other Xe-N adduct
preparations for lack of a suitable solvent. Other potential ligands
such as nitriles and pyridines could not be allowed to react as neat
compounds owing to theilr previously demonstrated thermal instabilities

at or near TOOMm temperature. To add;ess this probhlem

XeOTeF,"Sh{OTeFs) s~ was prepared 1in the aope that the decrease

o}

polarity of the Sb(OTeFs)e~ anion relative to AsFe~ anion would
facilitate its low-temperature dissolution in S0.ClF (m.p., =124°C), an
inert, low-polarity solvent, It was hoped this .synthetic approach
would allow the formation of adduct species with ZXeOTeF.* and other
more reducing nitrogen bases at low temperatures.

XeOTeFs*Sh(0OTeFs)s~, the first fully substituted OTeF, salt




prepared to date, was prepared using the redox synthesis described by
equation (14).

3

2Xe(OTeFs )2 + Sb(OTeFg)a ———> XeOTeFa*Sb(0TeFs)s™ + Xe (14)

Dissolution of thg product 1in SO2ClF at =-50°C resulted in the
formation of a bright orange solution and demonstrated the high solubi-
lity of XeOTeFs*Sbhb(0OTeFs)s~ in SOCLEF at 1low temperatures. Chemical
shifts and coupling constants obtained using **F, ?2¥*Xe and '**sSb NMR
confirm the presence o0f XeOTeFs*Sb(0TeF=)s~ (Table 6). The *?F NMR of
the product waé very complex, owing to the presence of two AB. patterns
arising from the -0TeFs groups on Xe and Sb (Figure 19). Although the
Al. spin system for the OTeFs group on XeOTeFs* was bhetter resolved
than that for the anion, owing to incomplete resolution of the indivi-
dual transifions in the B region of the cation specfrum, only approxi-
mate chemical shifts and coupling ‘constants for the axial and
cquatorial fluorines of the cation could bhe obtained (Table 6). The
AB, pattern arising £-om the Sb{(OTeFs)s~ anion was very severe, and
only one approximate chemical shift for the two fluorine environments
could be obtained (Table €6). Owing to the severity of the 1latter AR,
pattern, a8 high-field NMR instrument will 1likely have no significaﬁt
effect on the observed resolution, and 1t is expected that computer
simulation will be necessary to obtain even approximate chemical shifts
and coupling constants. Tellurium-125 satellites for the AB. pattern of
the anion were also observed (Figure 19).

The *2°Xe spectrum of the XeQOTeFy*Sh(CTeFs)es~ coOnsisted of a
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broad quadrupole collapsed peak at =1457 ppm, which 1is within the
expected range for Xe(II). The 222Sh NMR spectrum was also a hroad
'S

singlet, (-13.21 ppm, W, = 1650 Hz) resulting from partial relaxation

of **?8b in a near-octahedral environment of six OTeF, groups.

S-CaF3N2N-XeOTeFs*Sb(OTeFs)s”

The Lewis acid properties of XeOTeFs"Sb(0TeFs)e~ Were
studied by allowing the sclid to react with trifluoro-s-triazine at
0°C. The reaction was immediate, and proceeded according to equation

(14)

XeO0Tel;*Shb(0TeFs)e™ + £$-CaFaNa — >
S-C3FaNz2N-XeOTeFs*Sb(0TeFs)s~ (14)

. ]

The product proved to be soluble in quc;F at low temperatures, and the
i%F NMR confirmed the presence of s-C,F;N:N-XeOTeFs*Sb(0TeFs)e~ (Table
6). Owing to the presence the two AB. spin systems, the **F NMR
spectrum was again very complex (F gure 20). The AB. pattern for the
Sb(0TeFs)s~ anion was severe, and only one *®F chemical shift could be
obtained in addition to the tellurium satellite couplings *J{*®F-*25Te]
and *J[*9?F-*23Te] (Table 6). The AB. pattern corresponding to
XeOTeFs* Wwas better resolved, and it was possible to determine chemical
shifts for the axial and equatorial fluorine environments in addition
to approximate values for *J{*®F-123Te] (Table 6). Fortunately, the
multiplets arising from fluorines bonded to carbon (Figure 21) were

well resolved, occurring at significantly higher frequencies than the
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complex AB. patterns, thus affording ready measurement of the coupling
constants and chemical shifts (Table 6). Xenon-129 NMR spectroscopy
gtudies are presently pending.

It should be noted that some evidence for the presence cof
byproducts was obtained, however, it is believed that decomposition
occurred when the sample was warﬁed to 25°C prior to obtaining the
spectrum at -50°C. Future work will consequently entail *°F NMR
characterization of 5-CaFiNzN-XeOTeFs*Sb(0TeFs)s” at temperatures not

exceeding -30¢°C.

gaman Spectroscopy

The Raman spectrum for s-CiaFaNzN-XeF*AsFs~ was assigned on
the basis of the vibrational assignments for of S-CaFaNs under Dan
symmetry, 3A,' + 4A2' 4+ SE' 4+ 2A_" + 2E" =27 Formation of the XePf™
édducts of érifluoro-s-triazine lowers the ring symmetry from D-n tO
Cz., accordingly, 21 bands ( 3N - 6, N-= é } fcor the triazine moiety of
S-CaFaNzN-XeF*AsFs~ are expected, 8A; + 4B: + 7By + 2A;. In addition,
the XeF~ moiety gives rise to 6 bands, [(Xe-F stretch, A,; Xe-N
stretch, A,; ©6(N-Xe-F), B,.; &(N-Xe-F), Ba; 6(C-N-Xe), B,; 6(C-N-Xe),
B:) resulting in a total of 27 bands for s-CaFaN;N~XeF* (10A, + 6Bi1 +
9B. + 2Az) (Table 7). The octahedral AsFe~ anion 1is expected to give
rise to three additional bands in the Raman spectrum, namely, vz(a.z),
vao{eg), and Va(t;q) {Table 7).

The vibrational 'Raman assignments for the XeOTeFs* group in
5"C3F3N2N—xe0TeF;*sb(OTeFa)s‘ and §~CaF3N2N-XeOTeFo*ASFes "~ are by

analogy with XeUTeFs*AsFe~ ** (Table 7). 1In both cases the symmetries
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of the cations are assumed to ke low (Ce or Ci); for the purposes of
this discussion and labelling, Ca $ymmetry is assumed. In either case,
511 the modes associated with the XeOTeFs* group are expected to be
Raman active (11A' + 7A" under Co and 18A under Ci).

The modes associated with the O0OTeFs group of the anic
Sh(0TeFs)s~ were very difficult to assign owing toc their proximity to
the OTeFs bands of XeOTeFs~™. The only Sb(QTeFs)s~ band assigned is
that corresponding to the intense and strongly coupled Sb-0-Te
stretches.

In general, one would expect the less electronegative OTeFs
group (3.38 relative to 4.10 for F on the aAllr ychow / Pauling
scale)2® to give rise to a more covalent Xe-N adduct .an in the XefF+
analogue. Accordingly the increased electron donating ability of ithe
XeOTeFs* group relative to XeF* should result 1in overall shifts of
Bands to léﬁer frequencies. However, many other factors, such as the
site symmetry and the symmetry of the 6rystal environment also play a
role in activities and, to a lesser extent, peak positions. Thus,com-
parison of the spectra of the XeOTeFs and s-CaF3;N;N- moieties as well
as the As .~ anion in s~-CaFaNzN-XeF*AsFs~, S-CaFasN.N-XeOTeFs*AsFes~ and
S=CaFaNa2N-Xe-0TeFs*35h{0TeFs} s~ show little variation enabling one to
"transfer" the modes from XeOTeFs*AsSFe¢~ and s-CaFsN-N- for the purpose
of assignment of these compounds.

Among the major difficulties encountéered when analyzing the
Raman spectra for the three adducts was }he fact that the low frequency

Xe-N stretch is generally weak and therefore hard to assign. Conse-=

gquently, the vibrational mode is expected to vary the most among the




three compounds, the Xe-N stretch, could not be definitively assigned.
Although the Xe-~Q, Te~0 and Sb-0 stretchesl associated with these
cbmpounds was generally very intense, it is not possible to assign
discrete stretching modes to the bands owing to strong coupling of
stretching vibrations arising from atoms of unearly identical masses,
i.e., Xe~0-Te and Sb-0-Te.

The spectrum for XeOTeFs*Sh(0TeFs)s~ Wwas poorly resolved by
virtue of the nature of the compound itself, i.e., poor crystallinity.
It was, however, possible fo assign a number of modes including OTeFs
modes and the intense and stirongly coupled Xe-0-Te stretching modes all
correlating well with thosa observed 1in the spectra of s-C;FaN;N-

XeQTeFs*AsFs~ and c-CaFaNLN-XeQTeFs*Sh(0TeFs)e .
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12%Xe Mossbauer Study of ZXenon-Nitrogen Bonded Species _and Related

Speciles

+

We have recently added *22Xe MOssbauer spectroscopy to our
in-house arsenal of structural characterization techniques. 1In
conjunction with establishing thé capability in our laboratory, we have
prepared a high quality sealed source, namely, Nas*2®I0s¢. To date, we
have remeasured a number of previously determined compounds as well as
a number of new xenon(II) cations described in c¢ur wprevious Annual

Technic~l Report (sce Table 8).

In 129Ye Méssbauer spectroscopy, only the quadrupole
splitting is suffiqiently sensitive to provide information relating to
xenon-1igand atom bond covalency, and is therefore the parameter we are
primarily concerned with. In general, the guadrupole splitting in
¥enon(LI) ;peqies is seen ¢to decrease with increasing covalency as
detormined f£rom the *2°Xe NMR cnemical shift and the Xe-F stretchincg
frequency.

We have reported the reaction of XeF*AsFs~ with trifluoro-s-
triazine, s-CaFaN,, leading to the formation of a new class of Xe-N
Londed cation, s-C3¥sNN-¥eF*AgF_.~ in Section II. We propose to
investigate the Z:1 cation described earlier in this report by
Midsshauer spectiroscopy. The Mossbauer spectrum of s-CaFaN:N-XeF*AsFe~
has been measured. The quadrupnle splitting in [s-CaF3Nz2N-]:XeF*AsFs~
ought to be significantly smaller than in the 1:1 cation or any other

xenon{Il) derivative presently known 1if the second nitrogen is

coerdin.ted to the xenon, If our speculations are confirmed, the




P_f - —

addition of this technique will prove invaluable in esteblishing the
existence of the first compound known to possess an AXsEx arrangement
of bond pairs and 1lone ©Ppairs. The disoilation of examples of socolid
fluoro(alkylnitrile) and fluoro(pyridine) x~non(II) cations in the
course of these investigations have also provided wus with further

opportunities to measure their Mdssbauer spectra {Table 8).
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Table 8. '*%Xe Mdssbauer data for Xenon derivatives

at 4.2 K-a
&
‘l
Compound Db B e XZ he
T/ . S
N

Xe2Fa*ASFe™ 0.2(1) 41.7(2) £.6(4) 0.89
XeF*ASFs~ 0.2(7) 40.5(1) 9.5(3) 1.06  x
HCNXeF*As5Fs"~ 0.2(1) 40.2(3) 8.8(6) 0.82 =
XeF» 0.0(2) 38.7(3) 9.6(7) 0.78
CoFsNX@F*ASFe™ 0.2(1) 37.8(3) 7.2(7) 6.91 *
FXe0SO0.F 0.05(9) 37.8(2) 10.1(4) 0.92 *

Y Xe(0S0.F).: 0.3(9) 37.3(2) 10.5(4) 0.96 *
CH>CNXeF*AsFe™ 0.1(1) 37.2(3) 8.1(5) 0.79 *
C3FsNzNXeF*AsFe~ 0.0(1) 37.1(2) 7.3(%) 0.72 *
Xe(QTeFs )2 0.2(1) 36.0(3) 8.1(6) 0.83
Xe(0SeFs)2 0.07(7) 35.4(1) 8.6(4) 0.78  *
Xe[N({S02CFa1 ) ]z ~0.5(2) 33.3(4) 7.3(10) 0.87 *
XeF, 0.2(1) 40.6(2) 10.4(5) v.69 -
Xe (OTeFs )4 0.2(1) 35.2(2) 7.8(5) G.78
O=Xe(0TeF.)a C.4(1) 15.8(2) 7.3(4) 1.01
Nas.XeOg -0.4(10) 0 11.5(4) 0.82
a The compounds being reported f{or the first time are

denoted by an asterisk (*).
Felative to hydroquinone clathrate.
Full width at half height.

Fer degree of freedom.
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Conclusions and Directions for Further Research

1. XeF+AsFg~ may react with excess trifluoro-s-triazine to form
polymeric s-CaFaNzN-XeF+oXx S-CaFaNa X > 1, *?°Xe Mdssbauer
studies may provide evidence for this novel bonding situation;

2. XeFs*SbFe~ is too potent an oxidizing agent to form a stable
¥e(IV)~N adduct with trifluoro~s~triazine;

3. Xe0OTeFs*AsFs~ has Lewis acid properties and, as such, can be
used to¢ prepare $-CiFaN;N-Xe-QTeFs"AsFs~, the first compound
containing an N~Xe-0O linkage;

4, Thre preparation and characterization of 4eOTeF."Sb(0TeFgle™
and £-CiFaN.N-XeQOTeF.,*Sb{0TeF,) s~ represents an important
new dzvelopment in noble-gas chemistry. The high solubility
wi ¥elTeF, Sb(0TeFy)s™ and its trifluoro-s-triazine adduct
in 30.CLF are significant in that they indicate a mcans to
prepare and characterize novel Xe-N compounds in an inert,
Jow=-polarity solvent. The use of the Lewis acid XeOTeF,~
Sb{7TeF.)e™~, as 1in the preparation of s-~CaFaNi:N-XeOTeF,*
5hi0TeFa)s ™, may extend to the syntheses of numerous novel
nonle-~gas compounds which would be protonated and/or
fluorinated in Br¥, and HF.

5. Tou a certain extent follow-up work stemming from this work

has served to illustrate point (4) above. Cation adducts of

the more easily oxidized nitrogen CHsCzZN and C.F.N (per-~

fluoropvridine) have been stabilized at low temperatures in

S0.7T1F solvents as the salts CH,4C=N-XeOTeFa*Sh(0TeFs)e«~ and

CoFsN-Xe0TeF,*Sh(0TeFs) s .2%"
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